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P 1.0 MISSION,  
c 
The Polar  Ionosphere Beacon S a t e l l i t e  Program, S-66, is  f o r  the  purpose 
of ionospheric research.  
s tudy of the  ionosphere as i t  v a r i e s  i n  t i m e  and space. 
designed t o  provide information on the  s p a t i a l  and temporal v a r i a t i o n s  f o r  
the  en t i re  ionosphere. I n  addi t ion ,  the S-66 s a t e l l i t e  w i l l  o f f e r  a means 
of t e s t i n g  a newly devised o p t i c a l  tracking system by providing an e f f i c i e n t  
c o r n e r - r e f l e c t o r  sur face  f o r  ground-based l a s e r s .  The o b j e c t i v e s  of the 
mission a r e  as ind ica t ed  below. 
The S-66 program w i l l  make poss ib l e  a synopt ic  
This program i s  
1.1 To provide the means f o r  p l o t t i n g  the t o t a l  conf igu ra t ion  of the 
ionosphere. 
1 .2  To determine the t o t a l  e lec t ron  content  of the  ionsophere i n  a 
v e r t i c a l  c ross  s e c t i o n  between the spacecraf t  and e a r t h  under q u i e t  and 
d i s tu rbed  condi t ions,  and t o  study i t s  d iurna l  and seasonal  v a r i a t i o n s .  
1.3 To relate the gross behavior of the ionosphere t o  the  s o l a r  r a d i a t i o n  
r e spons ib l e  f o r  producing the ion iza t ion ,  and t o  s tudy the e f f e c t s  of s o l a r  
f l a r e s  upon the ionosphere. 
1 .4  To study the  geometry and occurrence of i r r e g u l a r i t i e s  i n  radio-wave 
propagation known t o  e x i s t  i n  the ionosphere. 
1.5 To t e s t  the newly devised laser  t racking  system. 
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2.0 RESPONSIBILITIES. 
2.1 PROJECT MANAGEMENT. 
The Spacecraft Integration and Sounding Rocket Division of the 
Goddard Space Flight Center has been assigned responsibility for project 
management of the S-66 project. 
2.2 VEHICLE. 
The Scout Project Office of the Langley Research Center has the 
responsibility for the development and utilization of the Scout vehicle. 
2 . 3  PAYLOAD. 
The Johns Hopkins University, Applied Physics Laboratory (APL), 
is the spacecraft contractor. As such, they are responsible for the design 
and construction of the spacecraft, the integration of the scientific 
experiments, pre-launch testing, spacecraft-vehicle integration, and post- 
launch monitoring of the spacecraft status, 
2.4 TRACKING AND DATA ACQUISITION. 
The Operations and Support Division of the Goddard Space Flight 
Center has the responsibility for tracking and data acquisition from launch 
until the termination of the active life of the tracking/telemetry trans- 
mitter or until there is no longer any scientific interest in the telemetered 
data. 
The Johns Hopkins University, Applied Physics Laboratory, has the 
responsibility for tracking the S-66 spacecraft for two weeks following 
launch. Limited data acquisition, from launch until the termination of the 
active life of the tracking/telemetry transmitter, will be accomplished by 
APL for the purpose of establishing spacecraft status. 
2.5 ORBITAL COMPUTATION. 
The Data Systems Division of the Goddard Space Flight Center has 
the responsibility for computing and up-dating the orbit and for computing 
the predictions for the participating ground stations. Tkz Date Systems 
Division will also be responsible for publishing orbital elements, ephemerides, 
and other associated data. 
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I 2.6 DATA PROCESSING AND REDUCTION. 
The processing and reduct ion  of te lemetered d a t a  from the  S-66 
s p a c e c r a f t ,  with the  except ion of t he  e l e c t r o n  dens i ty  information which 
w i l l  be a r e s p o n s i b i l i t y  of t he  experimenter(s) concerned, w i l l  be a 
r e s p o n s i b i l i t y  of the  Space Data Acquis i t ion  Divis ion of t he  Goddard Space 
F l i g h t  Center. 
- 
Limited processing and reduct ion  of S-66 te lemetered d a t a  i n  the  form 
of quick-look s t a t u s  information w i l l  be a j o i n t  r e s p o n s i b i l i t y  of the  Operations 
and Support Division of t he  Goddard Space F l i g h t  Center and the  Johns Hopkins 
Univers i ty ,  Applied Physics Laboratory. 
2.7 DATA ANALYSIS. 
Data a n a l y s i s  of t he  S-66 d a t a  w i l l  be a r e s p o n s i b i l i t y  of t he  var ious  
experimenters;  a l though l i m i t e d  da ta  a n a l y s i s  i n  the  form of quick-look s t a t u s  
information will be a j o i n t  r e s p o n s i b i l i t y  of t he  Operations and Support 
Div is ion  of the Goddard Space F l i g h t  Center and the  Johns Hopkins Univers i ty ,  
Applied Physics Laboratory. 
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3 . 0  ORGANIZATION. 
3 . 1  PROJECT MANAGER - Frank T.  Martin. 
M r .  Martin,  of t he  Spacecraft  I n t e g r a t i o n  and Sounding Rocket 
Divis ion,  has been designated P r o j e c t  Manager of t he  S-66 P r o j e c t .  I n  
t h i s  capac i ty  he i s  r e spons ib l e  f o r  planning and eva lua t ion ,  systems 
i n t e g r a t i o n ,  systems engineer ing,  scheduling, budgetary and f i n a n c i a l  
planning and management, and p r o j e c t  report ing.  
3 . 2  PROJECT SCIENTIST - Robert E ,  Bourdeau. 
_ -  - 
M r .  bourdeau, of the Space Sciences Divis ion,  i s  r e spons ib l e  f o r  
t he  o v e r - a l l  s c i e n t i f i c  a spec t s  of t h e  program. A s  such, he is r e spons ib l e  
f o r  ensuring t h a t  t he  maximum information i s  obtained from the  S-66 
s a t e l l i t e  c o n s i s t e n t  w i t h  the experimental o b j e c t i v e s  of the p r o j e c t .  He 
coordinates  the requirements of t he  experimenters w i t h  those of  the space- 
c r a f t  system and the  t r ack ing  and d a t a  a c q u i s i t i o n  system. 
3 . 3  PROJECT COORDINATOR - John T. Shea. 
M r .  Shea, of t h e  Spacecraf t  I n t e g r a t i o n  and Sounding Rocket 
Divis ion,  i s  responsible  f o r  coordinating the a c t i v i t i e s  of the va r ious  
i n d i v i d u a l s  and o rgan iza t ions  who are involved i n  t h e  S-66 p r o j e c t .  He 
i s  r e spons ib l e  f o r  matters concerning the  es tabl ishment ,  accomplishment, 
and modif icat ion of p r o j e c t  schedules ,  and performs o the r  funct ions as 
assigned by the P r o j e c t  Manager. 
3 . 4  EXPERIMENTERS. 
3 . 4 . 1  There are seven p r inc ipa l  experimenters who w i l l  p a r t i c i p a t e  
i n  the  Po la r  Ionosphere Beacon S a t e l l i t e  P r o j e c t .  
are as l i s t e d  below. 
Their  names and l o c a t i o n s  
3 . 4 . 1 . 1  D r .  Id. J.  Ross 
The Pennsylvania S t a t e  Universi ty  
Universi ty  Park, Pennsylvania 
3 . 4 . 1 . 2  D r .  G ,  14. Swenson 
Universi ty  of I l l i n o i s  
Urbana, I l l i n o i s  
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3.4.1.3 Mr. Robert S. Lawrence 
National Bureau of Standards 
Central Radiation Propagation Laboratory 
Boulder, Colorado 
3.4.1.4 Dr. 0. K. Garriott 
Stanford Univer s i ty 
Stanford, California 
3.4.1.5 Mr. L. H. Brace 
Goddard Space Flight Center 
Greenbelt, Maryland 
3.4.1.6 Mr. L. J. Blumle 
Goddard Space Flight Center 
Greenbelt, Maryland 
3.4.1.7 Dr. H. H. Plotkin 
Goddard Space Flight Center 
Greenbelt, Maryland 
3.4.2 Each of the above experimenters will work closely with NASA 
in the ionospheric research program. 
stations, and scientific program, but will coordinate his activities with the 
Project Scientist to accomplish the over-all objective of the mission. 
Each has his own observing station or 
3.5 GROUND SYSTEMS MANAGER - John F. South. 
Mr. South is the senior representative on the project from the 
Tracking and Data Systems Directorate. 
insuring the accomplishment of those functions which are the responsibility 
of the Tracking and Data Systems Directorate. 
has available the advice and assistance of various scientists, specialists, 
and technicians within the Tracking and Data Systems Directorate. 
As such, he is responsible for 
In his capacity, Mr. South 
3.6 OPERATIONS COORDINATOR- Frank J. Lawrence. 
Mr. Lawrence is a member of the Tracking and Data Systems Operations 
He works closely with the Ground Systems Manager to insure that those Branch. 
phases of the project which are the responsibility of the Operations and 
Support Division are completed as required. 
tion and distribution of the official GSFC Operations Plan. 
He is responsible for the prepara- 
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3.7 DATA SYSTEM SCIENTIST - D. Stewart. 
M r .  Stewart ,  of t he  Data Systems Division, is  r e spons ib l e  f o r  
coordinat ing the computation of t he  s a t e l l i t e ' s  o r b i t ,  t he  p repa ra t ion  
of t r ack ing  and d a t a  a c q u i s i t i o n  predict ions,  analyzing p resen t  o r b i t a l  
programs t o  ensure t h a t  they a r e  capable of computing the  necessary para- 
meters a s soc ia t ed  wi th  the  s -66  spacecraf t ,  the  p repa ra t ion  of the GSFC 
Pred ic t ion  B u l l e t i n ,  and the preparat ion of ephemerides as required.  
3 . 8  DATA PROCESSING MANAGER - D. A. Parker. 
M r .  Parker,  of t he  Space Data Acquis i t ion Divis ion,  i s  r e spons ib l e  
f o r  i n i t i a t i o n  and formulation of the plans f o r  equipment, development, and 
d a t a  processing ope ra t ions ,  and f o r  performing the u l t ima te  d a t a  r educ t ion  
i n  accordance with the  requirements of the p r o j e c t .  
3 . 9  VEHICLE COORDINATOR - A .  B. Churgin. 
M r .  Churgin, of the Langley Research Center,  is  r e spons ib l e  f o r  
a s su r ing  compa t ib i l i t y  between the payload and the  Scout launch veh ic l e ,  
t h a t  the o r b i t  w i l l  s a t i s f y  the  experimental requirements of the p r o j e c t ,  
and t h a t  t he  v e h i c l e  is on schedule.  
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4.0 PROJECT IMPLEMENTATION. 
4.1 VEHICLE. 
4.1.1 Vehicle Description. 
The Scout launch vehicle  (Figure 2) i tage s o l i d -  
f u e l  rocke t  system manufactured by the Chance-Vought Corporation. The pro- 
pu l s ion  motors are arranged i n  tandem, with t r a n s i t i o n  s e c t i o n s  between the  
s t a g e s  t o  t i e  the s t r u c t u r e  together  and t o  provide space f o r  instrumenta- 
t i o n  and con t ro l s .  
body diameter of 3 . 3 3  f e e t .  
The complete configurat ion i s  72.58 f e e t  long wi th  a 
4.1.2 Stages.  
The fou r  s o l i d  propel lant  s t a g e s  of the  Scout launch v e h i c l e  
are as follows: 
F i r s t  Stage An Aerojet  J u p i t e r  Sr .  2A "Algol" motor. 




An Allegany B a l l i s t i c s  Laboratory 
X-259 A 1  "Antares" motor. 
An Allegany B a l l i s t i c s  Laboratory 
X-248 A5 "Altair" motor. 
4.1.3 Guidance and Control System. 
The guidance system cons i s t s  b a s i c a l l y  of t h ree  miniature  
i n t e g r a t i n g  gyros ( M E ' S ) ,  which provide t h e  r e fe rence  f o r  each a x i s ,  t h r e e  
ra te  gyros (GNATS), and a p i t c h  a x i s  programmer. 
During f i r s t  s t a g e  burning, the v e h i c l e ,  which i s  aerodyna- 
mica l ly  s t a b l e  i n  the l i f t - o f f  configurat ion,  i s  con t ro l l ed  by a proport ional  
con t ro l  system which f e a t u r e s  a combination of j e t  vanes and aerodynamic-tip 
c o n t r o l  su r f aces .  The j e t  vanes provide most of the con t ro l  force during the  
t h r u s t  pe r iod  while aerodynamic-tip con t ro l s  provide a l l  t h e  con t ro l  fo rce  
during the  coast  period following f i r s t  s tage burnout. 
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To be s u p p l i e d  at  a later d a t e .  
NOMINAL ORBIT SUB-SATELLITE PLOT 
S-66 POLAR IONOSPHERE BEACON SATELLITE 
FIGURE 4 
After  f i r s t  s t age  separa t ion ,  the  succeeding conf igura t ions  
During second and t h i r d  s t a g e  burning a r e  no longer  aerodynamically s t a b l e .  
t he  v e h i c l e  a t t i t u d e  i s  con t ro l l ed  by s e t s  of hydrogen peroxide r e a c t i o n  j e t s .  
The f o u r t h  s t a g e ,  which has no a c t i v e  guidance o r  con t ro l  system, r ece ives  i t s  
i n i t i a l  s p a t i a l  o r i e n t a t i o n  from the  control  exer ted  by the  f i r s t  t h ree  s t a g e s ,  
a f t e r  which i t  i s  s p i n  s t a b i l i z e d  t o  160 rpm f 10 percent  by means of t h ree  
small rocke t  motors mounted on the  s k i r t  a t  the base of the  fou r th  s t age .  
4.2 ORBIT. 
4.2.1 Tra jec tory .  
The Scout launch vehicle  w i l l  be launched i n  a v e r t i c a l  
p o s i t i o n  from the  launch complex a t  the P a c i f i c  Missile Range, Po in t  Arguel lo ,  
C a l i f o r n i a ,  wi th  a range heading (azimuth) of approximately 173'. 
4.2.2 
spacec ra f t  . 
4.2.3 
Orb i t a l  Cha rac t e r i s t i c s .  
The following a r e  the  nominal o r b i t a l  elements f o r  the S-66 
Apogee . . . . . . . . . . . . .  930 Kilometers 
Per igee . . . . . . . . . . . .  930 Kilometers 
I n c l i n a t i o n  . . . . . . . . . .  8022 Degrees 
Period . . . . . . . . . . . . .  105 Minutes (Approximately) 
A s u b - s a t e l l i t e  p l o t  of t he  S-66 o r b i t  can be found i n  Figure 4. 
Orb i t a l  Lifet ime.  
The expected usefu l  l i f e t ime  of tbe  spacec ra f t  i s  nominally 
th ree  y e a r s ,  
is achieved. 
This per iod may be extended i f  optimum spacec ra f t  performance 
4.3 SPACECRAFT. 
4.3.1 General Descr ipt ion.  
The e x t e r n a l  configurat ion of the  S-66 s a t e l l i t e  w i l l  be i n  
The s i d e  and end panzls  w i l l  be 
the  shape of a r i g h t  octagonal p r i sm measuring approximately 18 inches ac ross  
f l a t s  and 1 2  inches high (Figures 1 and 3) .  
a honeycomb shee t  metal  sandwich cons t ruc t ion  wi th  appropr ia te  i n s e r t s  f o r  
l o c a l  s t rengthening  and f a s t ene r  support. A t  t he  c e n t e r  of the  s t r u c t u r e ,  
extending from top t o  bottom panels ,  i s  a shee t  metal  rec tangular  box which 
- 0 -  
forms the  backbone o r  main load bearing member of t he  s t r u c t u r e .  The dual 
o s c i l l a t o r  package i s  housed i n  t h i s  r ec t angu la r  box and the modular e l e c t r o n i c  
packages o r  books a r e  fas tened t o  the  s i d e s  of the r ec t angu la r  c e n t r a l  s t r u c t u r e  
i n  can t i l eve r  manner. Batteries a r e  contained i n  tubes which are bol ted t o  t h e  
support ing r i b s  which extend from the  ou te r  s h e l l  t o  t he  c e n t r a l  r ec t angu la r  
box. 
base p l a t e  which acts as a r a d i a t o r  t o  d i s s i p a t e  excess hea t .  
weight estimate f o r  the s a t e l l i t e  i s  114 pounds. 
High-heat d i s s i p a t i o n  packages w i l l  be fas tened t o  the inner  w a l l  of t he  
The p resen t  
Located on four 6 by 66 inch blades w i l l  be s o l a r  c e l l s  and 
antennas t o  cover t h r e e  bas i c  t r ansmi t t i ng  systems: 
Beacons a t  20, 4 0 ,  41, and 360 Mcs; the APL Doppler system a t  162 and 324 Mcs; 
and the telemetry t r a n s m i t t e r  a t  136.170 Mcs. 
blade f o l d s  back a g a i n s t  the inner  48 inch s e c t i o n  i n  the launch configurat ion.  
Upon i n j e c t i o n  i n t o  o r b i t ,  t he  blades w i l l  unfold t o  assume a p i t c h  appropr i a t e  
t o  provide the power generat ing c h a r a c t e r i s t i c s  f o r  t he  p a r t i c u l a r  o r b i t  
i n c l i n a t i o n .  
assembly i n  which a corrugated core i s  fastened between two f l a t  sk ins .  
provides an assembly of s u f f i c i e n t  r i g i d i t y  and s t r e n g t h  at a s i g n i f i c a n t  
weight saving over the more conventional honeycomb cons t ruc t ion .  
the NASA Ionospheric 
The o u t e r  18 inches of each 
The panel s t r u c t u r e  i s  planned t o  be of a very l i g h t  s h e e t  metal 
This 
4.3 .2  Despin Systems. 
The S-66 s a t e l l i t e  w i l l  u t i l i z e  a mechanical despin (yo-yo) 
device t o  reduce the 160 rpm nominal s p i n  ra te  of t he  f o u r t h  s t a g e  and payload 
down t o  40 rprn. 
When the  despin weights are r e l e a s e d ,  e r e c t i o n  of the s o l a r  
c e l l  blades is  i n i t i a t e d .  The r e s u l t i n g  change i n  t h e  s p i n  a x i s  moment of 
i n e r t i a  reduces s p i n  ra te  from 40 rpm t o  10 rpm. 
then be reduced v i r t u a l l y  t o  zero by means of magnetic despin rods contained 
wi th in  the  s a t e l l i t e  blades.  The r a t e  a t  which the s a t e l l i t e  despins can be 
con t ro l l ed  by varying the number and weight of the magnetic despin rods.  
S-66 contains four  despin rods composed of magnetic material which w i l l  remove 
r e s i d u a l  spin i n  3-5 days. 
This r e s i d u a l  s p i n  r a t e  w i l l  
4.3.3 Power Supply. 
The power system f o r  the S-66 sa t e l l i t e  w i l l  employ s o l a r  
ce l l s  charging a baLk of nickel-cadmium b a t t e r i e s .  The s o l a r  c e l l  power system 
i s  divided i n t o  four  s epa ra t e  c i r c u i t s ;  main 24 v o l t  c i r c u i t ,  boost 24 v o l t  
c i r c u i t ,  command rece ive r  c i r c u i t  and a c t i v e  temperature con t ro l  c i r c u i t .  The 
s o l a r  cells a r e  mounted on four  blades which f o l d  around the f o u r t h  s t a g e  of 
the launch vehicle  i n  the launch conf igu ra t ion  and extend outward from the  
s a t e l l i t e  upon payload sepa ra t ion .  
- 9 -  
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The S-66 s o l a r  a r r a y  has approximately 100 percent  i n i t i a l  
power margin over t he  load requirements. 
watts maximum. 
To ta l  power load w i l l  be 13.25 
To prevent severe overcharging of t he  n i c k e l  cadmium b a t t e r i e s  
The boost c i r c u i t  can be switched i n  by command. 
due t o  t h e  l a r g e  i n i t i a l  power margin, the 24 v o l t  c i r c u i t  i s  divided i n t o  
two p a r t s  -- main and boost. 
The maximum charge c u r r e n t  of the main c i r c u i t ,  averaged over a complete o r b i t ,  
i s  w i t h i n  the  overcharge c a p a b i l i t y  of the c e l l s  comprising the  24 v o l t  b a t t e r y .  
Af t e r  t he  s o l a r  cel ls  have degraded t o  the p o i n t  t h a t  i t  i s  necessary t o  swi t ch  
i n  the  boost c i r c u i t ,  the  t o t a l  charge cu r ren t  w i l l  aga in  be w i t h i n  the  over- 
charge c a p a b i l i t y  of t h e  ba t t e ry .  
The i n i t i a l  power margin i n  the  command r e c e i v e r  c i r c u i t  i s  
a l s o  approximately 100 percent.  
withstanding the r e s u l t i n g  overcharge and no switching i s  required.  
The command receiver b a t t e r y  i s  capable of 
4.3.4 Ionosphere Beacon T r a n s m i t t e r .  
The ionosphere beacon t r a n s m i t t e r  system c o n s i s t s  of four  
unmodulated CW transmitters operat ing continuously a t  2 0 ,  4 0 ,  41, and 360 Mc.  
from a s i n g l e  u l t r a s t a b l e  c r y s t a l  o s c i l l a t o r  ope ra t ing  a t  a frequency of 5 Mc. 
p lus  250 ppm (5.00125 Mc) . 
The c r y s t a l  and o s c i l l a t o r  e l e c t r o n i c s  are mounted i n  a 
mul t ip l e  D e w a r  f l a s k  wi th  a c t i v e  temperature con t ro l .  These t r a n s m i t t e r s  
are designed f o r  maximum short-term (15 minutes) amplitude and frequency 
s t a b i l i t y ,  and f o r  minimum d i f f e ren t i a l -phase  j i t t e r  (i .e. ,  phase coherence 
w i l l  be kep t  as high as poss ib l e  t o  maintain the  t r ansmi t t ed  frequencies  a t  
exact  r a t i o s  of 20 ,  4 0 ,  41, 360 Mc.). Power ou tpu t s  and output  s t a b i l i t y  f o r  






Amp1 i tude s t a b  il i t y  
Frequency accuracy 
Re la t ive  phase j i t t e r  of any 
one transmission with r e spec t  
t o  any o the r .  
Short-term (1 sec )  noise 






d r i f t  less than 2 db/lO 
- +O .005% 
minutes 
less than 1 r a d i a n  i n  pe r iods  
of 2 seconds t o  1 minute. 
less than 2 X lo-'' 
less than lO-g/hour 
less than 10-8/daY 
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A "clock marker" o r  t iming pulse  w i l l  appear on the  20 Mc 
s i g n a l .  This modulation w i l l  be a rec tangular  pu lse  1/10 sec .  wide and w i l l  
occur every 22.0185 seconds wi th  an accuracy of 0.01 percent .  
reduct ion  w i l l  be 3 db. The s i g n a l  f o r  t he  t iming mark w i l l  be der ived from 
a tuning fork o s c i l l a t o r  w i th  a s t a b i l i t y  of 1 p a r t  i n  lo9 .  
The power 
4.3.5 Atti tude-Control  System. 
4.3.5.1 Magnetic A t t i t ude  Control .  
A s t rong  magnetic d ipole  mounted i n t e r n a l l y  i n  the  
s a t e l l i t e  w i l l  s t a b i l i z e  the  s p a c e c r a f t ' s  symmetry a x i s  along the  l o c a l  d i r e c t i o n  
of t h e  e a r t h ' s  magnetic f i e l d .  
diameter and 1 2  inches long. The t o t a l  weight of t he  magnet i s  1.8 l b s .  
There w i l l  be one magnet about 3 / 4  i nch  i n  
The use of t h i s  system f o r  s t a b i l i z i n g  s a t e l l i t e s  
o f f e r s  severa l  advantages; i t  i s  completely pass ive ,  l i g h t  i n  weight,  and 
extremely r e l i a b l e .  
4.3.5.2 A t t i t u d e  Detectors .  
Two systems of a t t i t u d e  d e t e c t o r s  w i l l  determin? 
the a t t i t u d e  of the s a t e l l i t e  wi th  r e spec t  t o  the  sun and wi th  r e spec t  t o  the  
e a r t h ' s  magnetic f i e l d .  The s o l a r  a t t i t u d e - d e t e c t i o n  system c o n s i s t s  of four  
s o l a r  c e l l s  ca l ib ra t ed  t o  provide d i r e c t i o n a l  d a t a ,  from t h e i r  analog vo l t age  
ou tpu t ,  f o r  measuring the  a t t i t u d e  of t he  spacec ra f t  r e l a t i v e  t o  a l i n e  from 
the  sun. These de t ec to r s  a l s o  w i l l  provide information on the s p a c e c r a f t ' s  s p i n  
r a t e  and on s o l a r - c e l l  d e t e r i o r a t i o n .  
A l i g h t  weight f l u x  g a t e ,  t h ree -ax i s ,  magnetometer 
w i l l  be used t o  determine spacec ra f t  o r i e n t a t i o n  r e l a t i v e  t o  the  e a r t h ' s  
magnetic f i e l d .  
The magnetometers c a r r i e d  i n  the  S-66 s a t e l l i t e  w i l l  
be used t o  measure the i n t e n s i t y  of magnetic storms; t h i s  data may prove use- 
f u l  i n  co r re l a t ing  magnetic storms wi th  ionosphere d a t a  der ived from the  
r e f r a c t i o n  and Faraday r o t a t i o n  of r a d i o  s i g n a l s  t ransmi t ted  from the  s a t e l l i t e .  
4.3.6 Thermal Design. 
The S-66 spacec ra f t  w i l l  provide a c o n t r o l l e d  thermal 
environment over l a rge  thermal v a r i a t i o n s  which may occur during the  course 
of t he  year  because of the motion of the  o r b i t a l  plane r e l a t i v e  t o  the  sun. 
These condi t ions may vary from approximately 60 percent  t o  100 percent  exposure 
t o  s u n l i g h t .  Var ia t ions  i n  the  thermal inpu t  t o  the  main s t r u c t u r e  a r e  reduced 
t o  an acceptable  l e v e l  i n  the  S-66 spacec ra f t  by the  magnetic a t t i t u d e - s t a b i l i -  
za t ion  control  system, and by the  proper choice f o r  s p a c e c r a f t  con f igu ra t ion  
( i . e . ,  designed so t h a t  t he  sa te l l i t e ' s  area p ro jec t ed  t o  the sun w i l l  be 
maximum i n  the 60 percent  sun l igh t  o r b i t s  and minimum i n  the 100 percent  
s u n l i g h t  o r b i t s ) .  
The thzrmal design of the s p a c e c r a f t  i s  f u r t h e r  s i m p l i f i e d  
by mounting the s o l a r  c e l l s  on blades whose temperature i s  c o n t r o l l e d  by 
providing adequate hea t  t r a n s f e r  through the  b l ades ,  s o  t h a t  t he  back se rves  
as a r a d i a t o r  whenever the f r o n t  i s  i l luminated. The e n t i r e  s u r f a c e  of t he  
s o l a r  blade can be t r e a t e d  with e i t h e r  absorpt ive o r  r e f l e c t i v e  substances.  
The s a t e l l i t e  a l s o  contains a n  automatic temperature con t ro l  
(ATC) system. This system i s  designed t o  maintain the  s a t e l l i t e  instrument 
packages a t  a constant  temperature of  plus 60 degrees F. This technique is  
made poss ib l e  by the use of an on-board power system which c l o s e l y  c o n t r o l s  
t he  amount of e l e c t r i c a l  power d i s s ipa t ed  i n  the  s a t e l l i t e ,  and a coat ing 
p a t t e r n  on the  ou te r  s h e l l  which minimizes the v a r i a t i o n  of mean s h e l l  
temperature with percent  sun l igh t  exposure. This arrangement i n  conjunction 
wi th  a thermal r e s i s t a n c e  from i n t e r i o r  t o  e x t e r i o r  of about 5 degrees F per  
w a t t  w i l l  allow the i n t e r n a l  temperature of t he  s a t e l l i t e  t o  be con t ro l l ed  
with the  a d d i t i o n  of a modest amount of power. 
t h i s  system c o n s i s t s  of e i g h t  small packages d i s t r i b u t e d  i n  a symmetrical 
manner around the instrument packages, each c o n s i s t i n g  of a mercury-in-glass 
thermostat ,  a t r a n s i s t o r  switch and i t s  b i a s ing  and load r e s i s t o r s .  These 
components are encased i n  a small magnesium case.  The t o t a l  weight of t hese  
e i g h t  packages i s  less than 0 .4  pounds. 
The phys ica l  arrangement of 
The ATC system is powered by s o l a r  ce l l s  t h a t  are i n  a small 
a r r a y  on each s i d e  of each blade s t ruc tu re .  
p a r a l l e l  through diodes t o  prevent the c e l l s  t h a t  are i l luminated from 
discharging through the  c e l l s  t h a t  a r e  not r equ i r ed  i n  t h i s  system s i n c e  the  
thermal capaci ty  of t he  instrument s t r u c t u r e  acts as the energey s to rage  device 
during t h e  time t h a t  t he  s a t e l l i t e  i s  i n  the  e a r t h ' s  shadow. 
s u p p l i e s  a n  average power of approximately 4 t o  6 watts w i t h  a l l  of the 
thermostats  i n  the "ON" condi t ion.  This system is  purposely designed t o  be 
redundant so t h a t  a f a i l u r e  of a s i n g l e  package w i l l  have very l i t t l e  e f f e c t  
on system operat ion,  s i n c e  most of the t i m e  t he  duty cycle  of t he  remaining 
hea te r  u n i t s  w i l l  merely a d j u s t  t o  maintain the  temperature a t  a constant  level  
The s o l a r  power system i s  a l s o  q u i t e  r e l i a b l e ,  s i n c e  each a r r a y  i s  i s o l a t e d  by 
the diodes.  
These a r r a y s  are connected i n  
This  s o l a r  a r r a y  
4.3.7 Telemetry System. 
4.3.7.1 General. 
The S-66 telemetry system (See Figure 5 )  c o n s i s t s  of 
a phase modulated (PM) t r a n s m i t t e r ,  two vo l t age -con t ro l l ed  o s c i l l a t o r s ,  a 35 
channel pu l se  amplitude modulation (PAM) commutator, an 8 channel pu l se  d u r a t i o n  
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modulation (PDM) commutator, and 7 t e l l t a l e  r e g i s t e r  func t ions  w i t h  pu l se  coded 
modulation (PCM) format. Figure 6 shows a s i m p l i f i e d  block diagram of the  S-66 
te lemetry system. 
The phase modulated t r a n s m i t t e r  has a nominal output  
power of 350 m i l l i w a t t s  a t  a carrier frequency of 136.170 Mc. and w i l l  be 
modulated by the combined outputs  of two s u b c a r r i e r s .  The peak pu l se  dev ia t ion  
w i l l  be 800 with each of t he  two s u b c a r r i e r s  c o n t r i b u t i n g  an equal amount o r  
40'. The output of the s u b c a r r i e r s  i s  s i n u s o i d a l .  The s u b - c a r r i e r s  are 
frequency modulated and dev ia t e  5 6 percent  f o r  an inpu t  vo l t age  of 50 .25  v o l t s  
f o r  t he  5 . 4  Kc sub-ca r r i e r  and 0 t o  -0 .5 v o l t s  f o r  t he  10.5 Kc sub-ca r r i e r .  
The two sub-ca r r i e r s  have t h e i r  i npu t s  t i e d  i n  p a r a l l e l  and t h e r e f o r e  they 
w i l l  have the same information impressed on t h e i r  i npu t s .  However, every 
e i g h t h  frame of the 35 channel commutator, and f o r  t he  du ra t ion  of t h a t  frame, 
t h e  e l e c t r o n  dens i ty  probe switch w i l l  change s ta te  so t h a t  the e l e c t r o n  
d e n s i t y  probe experiment w i l l  read o u t  on t he  10.5  K c  s u b c a r r i e r .  
the  completion of t h i s  frame, the e l e c t r o n  d e n s i t y  probe switch w i l l  r e t u r n  
t o  monitoring the  output  of the 35 channel commutator. 
Following 
The sub-ca r r i e r s  normally r e c i e v e  t h e i r  input  from 
the  35 channel PAM commutator. Functions t o  be telemetered are l i s t e d  i n  
Table 4-1. The PAM commutator operates  w i th  a 75 percent  duty cycle .  The 
t i m e  f o r  a sample including dead t i m e  w i l l  be approximately 0.629 seconds. 
The sample time is  con t ro l l ed  by a tuning fo rk  ope ra t ing  a t  515  cps. This 
frequency i s  scaled down by a f a c t o r  of 81 before  being fed t o  t h e  PAM 
commutator. A PDM encoder is  synchronized w i t h  channel 1 of the 35 channel PAM 
commutator and w i l l  make seven temperature measurements during each frame of 
t he  35 channel PAM commutator. An i n v e r t e r  is r equ i r ed  between the  PDM encoder 
and the  35 channel commutator t o  convert  t h e  p o s i t i v e  going output  of t he  PDM 
encoder t o  a negative going output  t h a t  i s  compatible w i t h  the  10.5 K c  sub- 
c a r r i e r .  A t e l l t a l e  r e g i s t e r  i s  synchronized wi th  channel 9 of the 35 channel 
PAM commutator and w i l l  read o u t  seven p i eces  of ON/OFF type information. 
4.3.7.2 Antenna System. 
The antennas f o r  t he  20 Mc., 40 M c ,  and 41 Mc. t r ans -  
missions a r e  whip antennas,  5 f e e t  long, a t  the end of two oppos i t e ly  o r i e n t e d  
s a t e l l i t e  blades. A d ipo le ,  mounted a t  the end of one of t he  o the r  blades and 
o r i e n t e d  so t h a t  t h e  d ipo le  i s  p a r a l l e l  t o  t h e  whip antennas,  w i l l  r a d i a t e  t h e  
162 Mc. and 136 Mc. t ransmissions.  On the remaining f o u r t h  blade another 
d i p o l e ,  a l s o  o r i en ted  p a r a l l e l  t o  t he  whip antennas,  w i l l  r a d i a t e  the 324 Mc. 
and 360 Mc. transmissions.  The command r e c e i v e r  antenna w i l l  be an 18-inch 
quarter-wave whip extending from the base of t he  s a t e l l i t e  on t he  s i d e  opposi te  
from the e l ec t ron  dens i ty  probe. 
antennas and minimize antenna coupling losses. 
A coupling network w i l l  i s o l a t e  t h e  r e spec t ive  
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TELEMETRY ASSIGNMENTS 














1 2  
1 3  
14 
15 
1 6  
17 
18 












3 1  
3 2  
33 




3 mc Oscillator Regulator 
5 mc Oscillator Regulator 
+0.250 Volt Calibrate 
0.000 Volt Calibrate 
-n q c n  Y ~ T  I C  0 librate 
- V . & _ ) u  V O L L  us 
-0.500 Volt Calibrate 
Separation Telemetry/ 
Magnetometer Reg. Voltage 
Telltale Register 
Active Temperature Control Voltage 
Active Temperature Control Current 
X Magnetometer (Direct) 
Y Magnetometer (Direct) 
Z Magnetometer (Direct) 
Z Magnetometer (Attenuated) 
Cosine Solar Elevation Detector 
Linear Solar Elevation Detector 
+X Solar Azimuth Detector 
Solar Attitude Calibrate 
+Y Solar Attitude Detector 
-Y Solar Attitude Detector 
Receiver #l AGC Voltage 
Command Battery Current 
Main Solar Charge Current 
Load Current 
-24.3 Battery Voltage 
-10.7 Command Voltage 
Blade Erection/ 
+21.4v Converter Voltage 
20 mc Transmitter Power 
4 0 / 4 1  mc Transmitter Power 
136.17 mc Transmitter Power 
162 mc Transmitter Power 
324  mc Transmitter Power 
360 mc Transmitter Power 
Receiver 8 2  AGC Voltage 
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SUBCOMMUTATOR #1 (PDM) 
(Appears on Channel 1 of the main commutator) 
CHANNEL 
ASSIGNMENT LOCATION 






+X Solar Array 
Base Plate 
Outer Shell (-2) 
SUBCOMMUTATOR #2 (PCM) 













2 0 ,  41/41 and 360 mc Transmitters 
162,324 mc Transmitters 
Solar Boost 
Active Temperature Control 
Electron Density Probe 
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4 . 3 . 8  Command System. 
4.3.8.1 General. 
A command logic is employed in the S-66 satellite 
to perform certain switching functions by means of ground command, i.e. turn 
the transmitters trON" or "OFF", provide a means for disconnecting the batteries 
from the solar power supply, and for disabling the active temperature control 
sys terns. 
The command logic is drived from the outputs of two 
command receivers, operating with either or both receivers functioning, and 
drives into the satellite power switching in such a manner to control two pairs 
of satellite commands in logical sequences. 
command logic is shown in Figure 7. 
48 conditions of satellite operation. 
A block diagram of the satellite 
The 2 channels provide for a 6 X 8 or 
In addition to the command function of the logic, a 
hold control f o r  the satellite commutator is provided to allow prolonged (nominal 
100 sec.) examination of any of the commutator telemetry channels. Each time 
command I1C" is transmitted to the satellite, the commutator will stop upon 
completion of that command. If no commands ("A" or ''B1') are received for the 
next 100 seconds the commutator will remain on the channel that was being 
transmitted when command "C" stopped. After 100 seconds a timer in the satellite 
will start the commutator running again with no signal from the ground. However, 
should commands "A" or "B" be transmitted within this 100 seconds the commutator 
will begin running as soon as the command logic recognizes the presence of the 
command. The commutator will pick-up in the sequence where it left off, i.e., 
should the commutator be stopped on channel 12, then when the commutator starts 
it will proceed to 13 and continue in normal fashion. 
4.3.8.2 Commands. 
The commands that will be used for commanding the 5-66 
satellite are listed in Table 4 - 4 .  
TABLE 4-4  
FUNCTION 
Energizes the spacecraft command logic. 
Steps channel "A" selector switch one 
step forward (clock-wise) for each 
command pulse. 
Steps channel "B" selector switch one 
step forward (clock-wise) for each 
command pulse. 
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BLOCK DIAGRAM - COMMAND LOGIC FISURE 7 
The command sequence i s  i n i t i a t e d  by the  t r a n s -  
mission of command "C" f o r  a pre-set  i n t e r v a l  t o  "open" the  s a t e l l i t e .  Then 
e i t h e r  commands "A" o r  "B" can be s e n t  to  ope ra t e  one of the two switching 
systcms incorporated i n  the  s a t e l l i t e .  
NOTE: All f requencies  w i l l  be t ransmit t ing continuously from launch through 
normal s a t e l l i t e  operat ions.  Commanding t h e  S-66 s a t e l l i t e  w i l l  be only t o  
exe rc i se  po r t ions  of the payload during the  e a r l y  o r b i t  phase o r  t o  de-energize 
po r t ions  of t h e  payload i n  the case of a malfunction. 
4.4 EXPERIMENTS. 
4.4.1 Ionosphere Experiments. 
The S-66 Polar  Ionosphere Beacon S a t e l l i t e  i s  intended t o  
provide a means f o r  obtaining Faraday r o t a t i o n  and d i f f e r e n t i a l  Doppler 
ionospheric  measurements over most pa r t s  of the. globe over an extended period 
of time. 
The ionospheric measurements radio-frequency system w i l l  have 
four  coherent unmodulated CW t r ansmi t t e r s ,  and w i l l  r a d i a t e  a t  power levels 
over 100 mw t o  in su re  good signal-to-noise r a t i o s .  
w i l l  be 20.005 Mcs, 40.010 Mcs, 41.010 Mcs, and 360.090 Mcs, a l l  harmonics of 
1.00024 Mcs. 
The r a d i a t e d  frequencies  
4.4.1.1 Basis of Measurements. 
I n  t r ave r s ing  a magnetoionic medium, a plane wave 
undergoes a r o t a t i o n  of i t s  plane of po la r i za t ion ;  t he  t o t a l  ang le -o f - ro t a t ion  
depends on the  average magnet ic-f ie ld  component i n  the d i r e c t i o n  of propagation, 
and on t h e  t o t a l  number of e lec t rons  i n  a column one square meter i n  c ros s  
s e c t i o n  along the  propagation path.  
t he  t o t a l  angle  of r o t a t i o n  occurs ,  which i s  r e f l e c t e d  as a continuous r o t a t i o n  
of t he  e l e c t r i c  v e c t o r  a t  the receiving p o i n t .  The magnetic f i e l d  of the e a r t h  
i s  known t o  the  des i r ed  accuracy; therefore ,  t he  t o t a l  ang le -o f - ro t a t ion  alon:: 
the t ransmission pa th  determines,  approximately, t h e  columnar e l e c t r o n  content  
along the path.  Generally,  i t  i s  not  possible  t o  measure the to t a l - ang le -o f  
r o t a t i o n ;  i n s t e a d ,  t he  ra te  of r o t a t i o n  and the number of complete r o t a t i o n s  
between two p o i n t s  on the o r b i t  a r e  determined. 
As a sa t e l l i t e  moves, a t ime-va r i a t ion  of 
Three methods of measuring Faraday r o t a t i o n  have been 
devised f o r  use i n  d a t a  c o l l e c t i o n  and i n  d a t a  a n a l y s i s .  Cround r ece iv ing  
s t a t i o n s  may u t i l i z e  the single-frequency method, the second-order Faraday 
r o t a t i o n  method, o r  the c l o s e l y  spaced-frequencies method f o r  ionospheric  
s t u d i e s .  
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4.4.1.1.1 Single-Frequency Method. 
Measurement of the ra te  of change of t he  
p o l a r i z a t i o n  angle a t  a given i n s t a n t  y i e l d s  an approximate determinat ion of 
the e l e c t r o n  content.  Theore t i ca l ly ,  a determinat ion can be made f o r  a given 
i n s t a n t  of time; i n  p r a c t i c e ,  however, t he  number of r evo lu t ions  of the 
e l e c t r i c  vector must be mgasured i n  a f i n i t e  time i n  order  t o  accu ra t e ly  
ddtcrmine the ra te .  This r a t e - o f - r o t a t i o n  method is  probably the  s imples t  
means of obtaining an approximation of the e l e c t r o n  content of t he  ionosphere. 
This method, howzver, has ei-Tors icd-xed i n t o  Liie Eornilla by neglect ing che 
v e r t i c a l  component 0 2  v e l o c i t y  and the h o r i z o n t a l  v a r i a t i o n  of the ionosphere. 
Cs the S-66 s a t e l l i t e  w i l l  bz i n  a high c i r c u l a r  o r b i t ,  the  e f f e c t s  of neglect ing 
the  v e r t i c a l  component of v e l o c i t y  are minimized; a l s o ,  i n  t h i s  method, i t  i s  
assumed t h a t  t he  frequency i s  high compared wi th  the  maximum c r i t i c a l  frequency 
of the  ionosphere, and t h a t  t he  r ay  pa th  i s  a s t r a i g h t  l i n e .  These assumptions 
i n d i c a t e  the p o s s i b i l i t y  of l i m i t e d  accuracy wi th  t h i s  method. 
4.4.1.1.2 Second-Order Faraday n o t a t i o n  Method. 
Corrcct ions can be made f o r  t he  high- 
frequency approximation and f o r  r e f r a c t i o n  by using two widely separated 
frequencies  and reducing t h o  d a t a  by mzans of second-order formulas. It i s  
convenient f o r  t h i s  purpose t o  use two harmonically r e l a t e d  frequencies;  i n  
t he  S-66 s a t e l l i t e ,  20 and 40 M c  w i l l  be uscld. The use of t hese  methods 
ir:dicates that  the e r r o r s  caused by r e f r a c t i o n  and the high-frequency approxi- 
mation are in  the neighborhood of 5 percent  €or c lose  passages and up t o  30 
pe rcen t  f o r  d i s t a n t  passaps.  
4.4.1.1.3 Closely Spaced-Frequencies Method. 
Thc use of  two c l o s e l y  spaced frequencies  
permits an unambipous determinat ion of the t o t a l  angle  through which the 
e l e c t r i c  vector i s  r o t a t e d  i n  t r ave r s ing  the ionospher?; i n  the S-66 s p a c e c r a f t ,  
40 and 41 Mc w i l l  be used. 
By using plane-polar ized antennas and 
r e c e i v e r s  with logarithmic-amplitude response,  r eco rds  such as those shown 
i n  FiZure 8 w i l l  be obtained. It i s  most convenient t o  count i n  terms of 
complete revolut ions,  as ind ica t ed  by n u l l s  i n  the  p a t t e r n ;  a n u l l  occurs 
every half-revolut ion.  
f requencies  i s  measured, and wi th  t h i s  the t o t a l  e l e c t r i c  v e c t o r  r o t a t i o n  i s  
ca l cu la t ed .  
The d i f f e r e n t i a l  ang le -o f - ro t a t ion  between t h e  two 
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f 2  = f l  + 6 f  
Figure 8 
Typical Received Signal  Using Closely Spaced Frequencies Method 
The p r i n c i p a l  advantages of t h i s  method 
a r e  s i m p l i c i t y  of d a t a  reduct ion,  and the a b i l i t y  t o  make an unambiguous 
measurement of i n t e g r a t e d  e l e c t r o n  content i n  a r e l a t i v e l y  s h o r t  i n t e r v a l  of 
t i m e  . 
4.4.1.2 The Doppler-Shift Method of Measuring In t eg ra t ed  
E lec t ron  Density. 
The high ve loc i ty  of a s a t e l l i t e  r e l a t i v e  t o  a ground- 
based observer r e s u l t s  i n  a s u b s t a n t i a l  Doppler s h i f t  i n  t he  observed Crequency. 
I n  the  ionosphere,  the phase v e l o c i t y  depends upon the e l e c t r o n  dens i ty ;  t hus ,  
the observed frequency depends upon the e l e c t r o n  content .  Observation of t he  
exac t  frequency as a func t ion  of time can be used to  determine the e l e c t r o n  
content  of the ionosphere. 
To determine the e f f e c t  of  t he  ionosphere on the 
Doppler s h i f t ,  i t  i s  necessary t o  know the Doppler s h i f t  t h a t  would occur i n  
the absence of the ionosphere. Th i s ,  in t u r n ,  implies  an accu ra t e  knowledge 
of t he  o r b i t  and of the r a d i a t e d  frequency of t h e  sa te l l i t e .  A more convenient 
technique is  t o  observe two frequencies r a d i a t e d  by the s a t e l l i t e  chosen so 
t h a t  one i s  s t rong ly  a f f e c t e d  by t h e  ionosphere, and the o the r  i s  so much higher  
than the  c r i t i c a l  frequency corresponding t o  thc maximmi e l e c t r o n  densicy t h a t  
i s  r e l a t i v e l y  f r e e  of ionospheric influence.  A s  t h e  frequency r a t i o  between the 
two s i g n a l s  must be known p r e c i s e l y ,  i t  i s  convenient t h a t  one be a harmonic of 
the o t h e r .  
phase-locked s i g n a l s  on 20 M c ,  40 Elc, and 363 Mc. 
Frequencies s e l e c t e d  f o r  t h i s  purpose on the  S-66 s p a c e c r a f t  a r e  
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A sepa ra t e  superheterodyne r a d i o  receiver i s  used 
f o r  each frequency. An a d d i t i o n a l  beat ing o s c i l l a t o r  is provided which has 
phase-locked outputs  near 20 and 40 Mc, and these ou tpu t s  are i n j e c t e d  i n t o  
the RF-input terminals of the r e spec t ive  receivers. The 40 Mc r e c e i v e r ' s  
bea t  frequency is approximately twice t h a t  of the 20 Mc receiver. Next, t he  
bea t  note of the 20 Mc r e c e i v e r ,  mu l t ip l i ed  i n  frequency by a f a c t o r  of 2', 
i s  mixed w i t h  the beat  note from the 40 Mc r e c e i v e r ;  t he  "difference frequency", 
s e l e c t e d  by means of an appropriate  f i l t e r ,  i s  low enough t o  be recorded 
d i r e c t l y  on a graphic  record.  
4.4.1.3 E l e c t r o s t a t i c  Probe Experiment. 
An e l e c t r o s t a t i c  probe is  an e l ec t rode  of s u i t a b l e  
geometry t h a t  is immersed i n  the  ionosphere (a plasma) f o r  the purpose of 
measuring p rope r t i e s  of the charged-part ic le  region. I n  the  case of S-66, 
a sawtooth voltage i s  appl ied a l t e r n a t e l y  t o  two small c y l i n d r i c a l  probes 
which extend i n t o  the plasma surrounding the s p a c e c r a f t .  Two independent 
s o l i d  s t a t e  current d e t e c t o r s  are used a l t e r n a t e l y  t o  r e so lve  the probe 
c u r r e n t s  over t he  expected range of e l e c t r o n  d e n s i t i e s .  
c o l l e c t e d  currents  are de tec t ed  and converted t o  a form s u i t a b l e  f o r  tele- 
metering t o  the ground. 
during every e i g h t  frames of t he  PAM readout cycle;  i .e .  22 seconds ou t  of every 
168 seconds, e l e c t r o n  dens i ty  probe d a t a  w i l l  be telemetered. 
The r e s u l t i n g  
Telemetry readout of t h e  probe d a t a  w i l l  occur once 
4.4.2 Laser Tracking Experiment (GSFC). 
The S-66 spacec ra f t  w i l l  be used t o  t es t  a new o p t i c a l  t rack-  
i n g  system. Equipment f o r  the tes t  w i l l  c o n s i s t  only of the c o r n e r - r e f l e c t o r  
assembly shown i n  Figure 3 .  
A passive o p t i c a l  laser r e f l e c t o r  w i l l  be mounted on the  
forward face of the satel l i te .  The u n i t  w i l l  c o n s i s t  of e i g h t  s loping 
t r apezo ida l  panels and one octagonal pyramid. The panels  a r e  composed of 
honeycomb aluminum mate r i a l .  
Each of t he  nine panels i s  covered w i t h  a mosaic of 40 cube 
corner prisms. The prisms a r e  constructed of qua r t z  (fused s i l i ca ) .  The f r o n t  
f aces  of t he  prisms are hexagonal shaped. 
prism cons i s t s  of th ree  aluminized plane f a c e s ,  perpendicular t o  each o t h e r ,  
w i t h i n  a tolerance of 3 seconds of arc. 
The r e f l e c t i n g  su r faces  of each 
A l i g h t  r ay  impinging on the hexagonal shaped top face of each 
prism wi th in  a 35 degree half-angle  from the normal t o  the  face undergoes t h r e e  
r e f l e c t i o n s  and is subsequently r e f l e c t e d  back p a r a l l e l  t o  t he  d i r e c t i o n  from 
which i t  arr ived.  
inaccuracies  i n  alignment of prism faces  i s  s p e c i f i e d  such t h a t  80 percent  of 
t he  r e f l e c t e d  r ay  w i l l  f a l l  w i th in  a cone of 10-4 r ad ians  i n  diameter.  
Divergence i n  the r e f l e c t e d  r ay  due t o  d i f f r a c t i o n  and 
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Each prism is  epoxy-bonded t o  an aluminum bracke t  which i n  
The t o t a l  weight of t he  laser r e f l e c t o r  
t u r n  i s  epoxy-bonded t o  the honeycomb s t r u c t u r e  panel i n  a mosaic arrangcment. 
The t o t a l  number of prisms i s  360. 
assembly i s  10 l b s .  
The ground based op t i ca l  t r a n s m i t t e r  w i l l  be a pulsed 1 
micro-second ruby laser. The transmitted beam w i l l  have an angular  diameter 
of The wavelength of t he  
l i g h t  w i l l  be 6943 angstroms. 
t h e  safgll i te borne laser r e f l e c t o r  w i l l  i n t e r c e p t  and r e f l e c t  approximately 
3 X 10 photons. 
r ad ians  and w i l l  con ta in  one joule per  pulse .  
For each j o u l e  of o p t i c a l  energy t r ansmi t t ed  
Ephemeral. p r e d i c t i o n s  based upon the Space Tracking and Data 
Acqu i s i t i on  Network t r ack ing  d a t a  w i l l  be used t o  program the o r i e n t a t i o n  of 
t he  ground equipment f o r  a c q u i s i t i o n .  
4 . 4 . 3  Experimenters and Their Experiments. 
The S-66 Polar  Ionosphere Beacon S a t e l l i t e  w i l l  t r ansmi t  
seven frequencies  which w i l l  al low experimenters a l l  over t he  e a r t h  t o  pursue 
ionospheric  s t u d i e s  by ground based observation of the s a t e l l i t e  s i g n a l s .  The 
p r i n c i p a l  experimenters,  t h e i r  observing s t a t i o n  l o c a t i o n s ,  and the  observat ions 
which w i l l  be inaG 5y each are l i s t e d  i n  Table 4 - 2 .  
I n  a d d i t i o n  t o  the pr incipal  experimenters i t  i s  expected t h a t  
somz 50 t o  100 i n v e s t i g a t o r s  w i l l  be p a r t i c i p a t i n g  i n  the S-66 program (Table 
4 - 3 ) .  
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TABLE 4-2 
P B I N C  IPAL EXPE E I N 3  lJTE ES 
D r .  W. J. Ross S t a t e  College,  Pennsylvania 
STATION LOCATION 
Huancayo, Peru 
D r .  G .  W. Swcnson Adak, Alaslca 
Baker Lake, Canada 
Houghton, Plichigan 
Urbana, I l l i n o i s  
D r .  0. K. Ga r r io t t  Palo Alto,  C a l i f o r n i a  
Mi-. R .  Lawrence 
M r .  L. Brace 
PZr. L. Blumlc 
Honolulu, H a w a i i  
Boulder, Colorado 
Col lege ,  Alaska 
Space Tracking and Data 
Acquis i t ion IJcLwork 
Blossom Foint  , hiaryland 
Johannesburg, S .  Af r i ca  
D r .  13. H. Plotkin Wallops I s l a n d ,  V i rg in i a  
LEGEND: B - Faraday Rotat ion 
D - Doppler 
S - S c i n t i l l a t i o n  
E - Elec t ron  Density 
L - Laser 




F, D ,  S 
F, D 
Il\TVE STI CAT 02 
ARGERT INA 
Xadice l la ,  S.  1.I. 
AUSTULIA 
Armstrong, 5. E. 
Briggs,  G. 11. 
Gerrard, C. N .  
Munro, G .  R .  
IJebster, E. C.  
AUSTXIA 
Bunltard, 0. 






Eieminger , Id. 
Kaminslci, H. 
Eawer, K. 
TABLE 4-3  




Woomc r a 
Sydney 
B r  is bane 
Graz 
B e  1 e m  
Natal 
San Jose dos Campos 
Conczption 
U s  hua i a  
LOCATICX 
Argentina 
Aus t r  a1 i a  
South A u s t r a l i a  
A u s t r a l i a  
Aus tr  a1 i a  
A u s t r a l i a  
A u s t r i a  
E r a z i l  
Braz i l  
Braz i l  
Chi le  
A r p n t  i n a  















Anastassiades,  M. 
I N D I A  
Mitra, A.  P. 
Ramanathan, K. R. 
Rao, E .  B. 
ITALY 
Checcacci, P. F .  
JAPAN 
Nakata, Y .  
KENYA 
Hunter, A.  N. 
Koster,  J. R. 
NEW ZEALAND 
Mawdsley, J. 
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4.5 TPACKING SYSTEM. 
4.5.1 Active Tracking. 
The GSFC Space Tracking and Data Acquisi t ion Network (STADAN) 
w i l l  be responsible  f o r  t r ack ing  the S-66 s a t e l l i t e  throughout t he  use fu l  l i f e  
of t he  tracking/telemecry (136.170 Mc) t r a n s m i t t e r  - nominally t h r e e  years .  
The t r ack ing  operat ions w i l l  c o n s i s t  of two phases: 
phase and the normal t r ack ing  phase. 
the launch and e a r l y  o r b i t  
4.5.1.1 Launch and Early O r b i t  Phase. 
During the  launch and e a r l y  o r b i t  phase,  a l l  STADAN 
I n  a d d i t i o n  o t h e r  o rgan iza t ions  w i l l  be requested t o  t r a c k  
s t a t i o n s  having interferometer  t r ack ing  c a p a b i l i t y  w i l l  be required t o  t r a c k  
the spacecraf t .  
the  spacec ra f t  and f u r n i s h  t r ack ing  d a t a  t o  GSFC. Tracking w i l l  be r equ i r ed  
from the  below l i s t e d  s t a t i o n s  on the b a s i s  of c a p a b i l i t y .  
4.5.1.1.1 
4.5.1.1.2 
4.5 . l . 1.3 
4.5.1.1.4 
Antofagasta,  Chi le  
Blossom Po in t ,  Maryland 
College , Alaska 
East Grand Forks,  Minnesota 
F o r t  Myers, F l o r i d a  
Goldstone, C a l i f o r n i a  
Johannesburg, S .  A f r i c a  
L i m a ,  Peru 
Quito,  Ecuador 
Santiago, Chi le  
S t .  Johns, Newfoundland 
Winkf i e l d  , England 
Woomera, A u s t r a l i a  
GSFC Data Acqu i s i t i on  F a c i l i t y  - 85' Dish. 
Gilmore Creek, Alaska (ULASKA) 
P a c i f i c  Missile Range - FPS-16 Radar. 
San Nicolas I s l a n d  
P a c i f i c  Missile Range - Doppler. 
Po in t  Arguello,  C a l i f o r n i a  
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4.5.1.1.5 
4.5.1 . l . 6 
4.5.1.1.7 
4.5.1.1.8 
Trans i t  Doppler Ground S ta t ions .  
APL/Howard County, Maryland 
Austin, Texas 




P re to r i a ,  S .  Af r i ca  
Smithf ie ld ,  A u s t r a l i a  
South Po in t ,  H a w a i i  
San Jose Dos Compos, Braz i l  
San Miguel, P h i l l i p p i n e s  
Smithsonian Astrophysical  Observatory 
A l l  app ropr i a t e  Baker-Nunn S t a t i o n s  
and Moonwatch Teams. 
NORAD Space Detect ion and Tracking Systems. 
U.  S .  Naval Space Surve i l lance  S t a t i o n s  
Laredo, Texas 
Defence Research Telecommunications 
Establishment. 
Prince Albe r t ,  Saskatchewan 
4.5.1.2 Normal Phase. 
The normal t racking phase w i l l  begin upon n o t i f i c a t i o n  
from the  Space Operations Control Center and w i l l  cont inue f o r  the  use fu l  l i f e -  
t i m e  of the  s a t e l l i t e .  The STADAN s t a t i o n s  l i s t e d  above i n  Sec t ion  4.5.1.1.1 
w i l l  be respons ib le  f o r  t racking  the s a t e l l i t e  during t h i s  phase. 
4.5.2 Pass ive  Tracking. 
4.5.2.1 Launch and Early Orbi t  Phase. 
The s a t e l l i t e  i s  t o  be pass ive ly  t racked by means of 
o p t i c a l  and radar  sensors  u n t i l  s u f f i c i e n t l y  accu ra t e  s e t  of o r b i t a l  elements 
a r e  obta ined  t o  s a t i s f y  ope ra t iona l  requirements. 
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4.5.2.2 Normal Phase. 
Optical  t racking may be r equ i r ed  t o  t r a c k  the S-66 
s p a c e c r a f t  a f t e r  the spacec ra f t  ceases t o  t ransmit .  
4 . 6  DATA ACQUISITION. 
4.6.1 General Requirements. 
The a c q u i s i t i o n  and recording of telemetered d a t a  from the  
S-66 Polar  Ionsophere Beacon S a t e l l i t e  s h a l l  be the  r e s p o n s i b i l i t y  of t he  
GSFC Space Tracking and Data Acquis i t ion Network, although d a t a  w i l l  a l s o  be 
recorded by the Johns Hopkins Universi ty ,  Applied Physics Laboratory during 
those periods when the spacec ra f t  i s  t r ansmi t t i ng  te lemetry d a t a  which i s  
acqu i rab le  by use of t h e i r  ground f a c i l i t i e s .  
The te lemeter ing w i l l  be done on the  136.170 M c . ,  phase 
modulated, 350 m i l l i w a t t  s i g n a l .  The t r a n s m i t t e r  w i l l  be modulated by the  
combined outputs of two s u b c a r r i e r s .  
from launch, and w i l l  remain on except f o r  c e r t a i n  c r i t i c a l  per iods when i t  
may be necessary t o  command the spacec ra f t  t o  a s p e c i f i c  mode of operat ions.  
The c a r r i e r  w i l l  be on continuously 
4.6.2 S t a t i o n  P a r t i c i p a t i o n .  
4.6.2.1 Goddard Space F l i g h t  Center.  
Antofagasta,  Chi le  
Blossom Po in t ,  Maryland 
College,  Alaska 
E a s t  Grand Forks,  Minnesota 
F o r t  Myers, F l o r i d a  
Goldstone, C a l i f o r n i a  
Johnnesburg, S. A f r i c a  
Lima,  Peru 
Quito, Ecuador 
Santiago, Chi le  
S t .  Johns,  Newfoundland 
Winkfield, England 
Woomera, A u s t r a l i a  
4.6.2.2 Johns Hopkins Un ive r s i ty ,  Applied Physics Laboratory 
Howard County, Maryland. 
4.6.3 Recording Requirements. 
4.6.3.1 Telemetry. 
The recording of telemetered d a t a  from the S-66 
s a t e l l i t e  for t he  GSFC Space Tracking and Data Acqu i s i t i on  Network s t a t i o n s  
l i s t e d  above i n  Sect ion 4.6.2.1 w i l l  be i n  accordance wi th  schedules received 
f r o n  L1-e GSFC Network Con t ro l l e r  and based upon the  below l i s t e d  requirements.  - 28 - 
4.6.3.1.1 Two passes  per  day; one pass  being a f t e r  
a per iod of maximum darkness f o r  the spacecraf t  and the  o the r  being a f t e r  a 
per iod of maximum sun l igh t .  
NOTE: A d i f f e r e n t  STADAN s t a t i o n  should o b t a i n  the d a t a  each day. 
4.6.3.1.2 Four passes  per  day (maximum of two passes  
pe r  day from any one STADAN s t a t i o n ) ;  those passes i n  which the S-66 s a t e l l i t e  
is  mutually v i s i b l e  between the  Experimenters s t a t i o n s ,  w i th  a minimum z e n i t h  
angle  of 60 degrees and minimum mutual v i s i b i l i t y  w i t h i n  t h i s  angle of t h r e e  
minutes,  and the STADAN s t a t i o n s  l i s t e d  i n  Table 4-5. 
4.6.3.1.3 As much d a t a  as poss ib l e  w i l l  be recorded 
from t h e  STADAN s t a t i o n s  f o r  s i x  days following the occurrence of c e r t a i n  
expected magnetic storms (class t w o  (2) o r  l a r g e r  solar f l a r e s ) .  
TABLE 4-5 
EXPEZDENTEXS STATIONS 
Palo Al to ,  C a l i f o r n i a  
Honolulu, H a w a i i  
Boulder, Colorado 
Huancayo, Peru 
Universi ty  Park,  Pennsylvania 
Adak, Alaska 
Baker Lake, Canada 
Houghton, Michigan 
Urbana, I l l i n o i s  
SPACS T X C K I N S  AND DATA 
ACQUISITION XETWORK STATIOlJS 
Antofagasta,  Chile 
Blossom Po in t ,  Maryland 
College,  Alaska 
E .  Grand Forks,  Minnesota 
F o r t  Myers, F l o r i d a  
Lima, Peru 
Goldstone, C a l i f o r n i a  
Quito,  Ecuador 
Sant iago,  Chi le  
S t .  Johns, Newfoundland 
Wnkf i e l d  , England 
4.6.3.2 Beacon Data. 
The recording of beacon d a t a  from the S-66 s a t e l l i t e  
f o r  t he  Blossom Po in t ,  Maryland and Johannesburg, S .  Af r i ca  STADAN s t a t i o n s  
w i l l  be scheduled by the GSFC Network Control ler .  
t h ree  t o  four  passes  per  day (minimum e leva t ion  anzle  of 45 degrees) .  
NOTE: 
of beacon d a t a  w i l l  be supplied by the GSFC experimenter Hr. L. 3 .  C l u m l e .  
Present  plans are f o r  recording 
A l l  s p e c i a l  purpose equipment required f o r  the a c q u i s i t i o n  and recording 
4.7 QUICK-LOOK DATA, 
I n  order t h a t  the s t a t u s  of t he  S-66 spacec ra f t  may be evaluated 
as soon a f t e r  launch as poss ib l e  and during t h e  normal phase, s p e c i a l  "quick- 
look" procedures have been e s t a b l i s h e d  f o r  t he  a n a l y s i s  of t h e  telemetered d a t a ,  
These procedures are based upon requirements e s t a b l i s h e d  by the GSFC P r o j e c t  
Manager, Applied Physics Laboratory, and the  Tracking and Data Systems 
D i r e c t o r a t e  as descr ibed i n  Sec t ion  6.2.4.  Present  plans f o r  reducing and 
analyzing the quick-look s t a t u s  data  w i l l  be i n  conjunction wi th  the recording 
r e s p o n s i b i l i t y  as ou t l ined  i n  Sect ion 4.6.3.1.1.  
4 . 8  COMMAND. 
Since a l l  S-66 f requencies  w i l l  be t r ansmi t t ed  continuously from 
launch through normal sa te l l i t e  ope ra t ions ,  commands may be issued i n  order  
t o  exercise port ions of the payload during the  e a r l y  o r b i t  phase o r  t o  
de-energize port ions of the payload i n  the  case of a malfunction. 
The GSFC s t a t i o n s  l i s t e d  i n  Sect ion 4.6.2.1 and the  Applied Physics 
Laboratory s t a t i o n  l i s t e d  i n  Sect ion 4.6.2.2 w i l l  be r e spons ib l e  f o r  i n t e r r o g a t i n g  
the  5-66 spacecraf t .  
A l l  command requirements w i l l  be coordinated w i t h  the GSFC P r o j e c t  
Manager, Applied Physics Laboratory Liaison O f f i c e r ,  and the  GSFC Network 
Con t ro l l e r .  
4.9 TRANSMITTAL PROCEDURES, 
4.9.1 Quick-Look Data. 
The quick-look d a t a  obtained during the  launch, e a r l y  o r b i t ,  
and normal periods w i l l  be forwarded t o  t h e  GSFC Space Operations Control Center 
(NETCON), v i a  t e l e t y p e ,  as soon as poss ib l e  a f t e r  i t  is  obtained.  
4.9.2 Recorded Telemetry Data. 
During the Launch and Early Orb i t  Phase, a l l  recorded 
te lemetry and a s soc ia t ed  d a t a  w i l l  be forwarded i n  accordance wi th  the 
s tandard tape mail ing i n s t r u c t i o n s  to:  
Analog Tape Library,  Code 565 
Goddard Space F l i g h t  Center 
Greenbelt ,  Maryland, U. S. A. 
as soon as possible.  A l l  d a t a  obtained a f t e r  t h i s  t i m e  w i l l  be forwarded t o  the  
above addressee i n  accordance wi th  the s tandard tape mail ing i n s t r u c t i o n s  and 
r o u t i n e  procedures. 
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4.10 DATA PROCESSING. 
The processing and reduct ion of telemetered d a t a  from the S-66 
s p a c e c r a f t ,  w i th  the  exception of the e l ec t ron  d e n s i t y  information which w i l l  
be a r e s p o n s i b i l i t y  of the experimener(s) concerned, w i l l  be a r e s p o n s i b i l i t y  
of t he  Space Data Acquis i t ion Divis ion of t he  Goddard Space F l i g h t  Center. 
Limited processing and reduction of S-66 telemetered d a t a  i n  the form 
of quick-look s t a t u s  information w i l l  be a j o i n t  r e s p o n s i b i l i t y  of the  Operations 
and Support Divis ion of the Goddard Space F l i g h t  Center and the Johns Hopkins 
Un ive r s i ty ,  Applied Physics Laboratory. 
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5.0 SPACE OPERATIONS CONTROL CENTER. 
5.1 ORGANIZATION. 
The Space Operations Control Center (SOCC) o rgan iza t ion  includes 
personnel with the  following funct ions:  
Operations Director  
Pro j e c  t Opera t  ions Coordinator 
Technical Adviser t o  NASA Headquarters 
Spacecraf t  Con t ro l l e r  
Network Con t ro l l e r  
Data Systems Coordinator 
P r o j e c t  Representative 
Communication Controller 
External  Agency Coordinator 
Pub l i c  Information Officer 
Additional personnel w i l l  be appointed as required by the Operations 
Di rec to r  and as d i c t a t e d  by the Project  requirements.  
5.2 OPERATIONS CONTROL. 
The Space Operations Control Center s h a l l  maintain con t ro l  over 
ope ra t ions  of the Space Tracking and Data Acquis i t ion Network and w i l l  
coordinate  requirements and r e s p o n s i b i l i t i e s  with the  o the r  p a r t i c i p a t i n g  
o rgan iza t ions .  The operat ions w i l l  consis t  of two d i s t i n c t  periods: 
Launch and. Early Orbit Phase 
Normal Phase 
5.2.1 Launch and Early Orbit Phase. 
5.2.1.1 Countdown Schedule. 
This countdown schedule i s  referenced to the nominal 
l i f t - o f f  t i m e  (T-0) and l i s t s  only those per iods i n  the countdown which r e q u i r e  








Forward notification of nominal launch 
date and time to all participating 
stations, SAO, NORAD, SPACETILACK, SPACE 
SURVEILLANCE, and SPACEWARM. 
Forward Nominal Doppler frequencies, 
(162 and 136 Mc) to the CSFC Mission 
Directors Center (MDC), Pt. Arguello, 
California. 
Send Nominal GSFC Prediction Bulletin 
to a l l  experimenters. 
Communications Test. 
NOTE: This test will be initiated by 
SPACOM. 
Send Nominal Predictions to all parti- 
cipating stations. 
Set condition GREEN (See Section 7 
for explanation of conditions). 
Alert all stations to be prepared to 
implement OPTTAIIU’ 2- 6 3 .  
Set condition XED. 
Alert all stations that launch is 
imminent. 
Receive readiness reports from all 
stations. 
Receive second readiness report from 
all stations. 
Establish Operations Liaison and Project 
Liaison phone circuits between the Space 
Operations Control Center and the Mission 
Directors’ Center, Pt. Arguello, 
California . 
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C, OUNTEOWN 
T-60 Min. (Cont'd) 
T-30 Min. 
T-15 Min. t o  T-,3 
LIFT- OFF 
ACTIO11 
Xcceive r e p o r t  of v e h i c l e  and space- 
c r a f t  s t a t u s  v ia  Operations Liaison 
phone c i r c u i t .  
E s t a b l i s h  APL Liaison phone c i r c u i t  
between the Space Operations Control 
Center and the Johns Hopkins Universi ty  
Applied ?hysics  Laboratory. 
Es t ab l i sh  a l l  remaining phone c i r c u i t s .  
Receive s p a c e c r a f t  beacon frequencies  
from MDC Operations L ia i son  Of f i ce r ,  
v i a  phone, and forward t o  a l l  s t a t i o n s .  
Receive a l l  p e r t i n e n t  pre-launch i n f o r -  
mation by phone and/or TTY and r e l a y  t o  
a l l  s t a t i o n s  concerned. 
Receive l i f t - o f f  by phone from MDC 
Operations L ia i son  Of f i ce r  and forward 
t o  GSFC Space Communications Center 
f o r  immediate r e l a y  t o  a l l  s t a t i o n s .  
NOTE: A l l  phone c i r c u i t s  between SOCC 
and MDC w i l l  be e s t a b l i s h e d  by MDC. 
5.2.1.2 Telephone Communications. 
Telephone communications f o r  l i a i s o n ,  coordinat ion,  
and/or d a t a  c o l l e c t i o n  w i l l  be es tabl ished as o u t l i n e d  below. 
5.2.1.2.1 Space Operations Control Center (SOCC) 
t o  GSFC Mission D i r e c t o r s '  Center (MDC), 
P t .  Arguello,  C a l i f o r n i a  - Operations 
Liaison Of f i ce r  . 
SOCC Number "C" t o  MDC Number "A" 
This c i r c u i t  w i l l  be the i n i t i a l  con tac t  
w i th  the MDC and w i l l  be used t o  keep SCCC f u l l y  informed of t h e  s t a t u s  of the 
launch operat ions.  The information t o  be received over t h i s  phone w i l l  include 
v e h i c l e  and payload s t a t u s ,  countdown, accurate  l i f t - o f f  time, v e h i c l e  s t ag ing ,  
and o t h e r  information p e r t i n e n t  t o  the  operat ions.  
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5.2.1.2.2 Space Operations Control Center (SOCC,) 
t o  GSFC Mission Di;reczors' Cent?r (IrOC) , 
?t. Argeullo, C a l i f o r n i a  - Doppler 
Liaison Of f i ce r .  
SOCC Ifumber "A" t o  MDC Number "B" 
This phone w i l l  be used t o  r ece ive  Doppler 
d a t a  on a r e a l  t i m e  b a s i s ,  and w i l l  serve as a backup t o  the i n i t i a l  phone 
con tac t  with the MDC. 
5.2.1.2.3 Space Operations Control Center (SOCC) 
t o  GSFC Mission Di rec to r s '  Center (MIX) - 
Senior GSFC P r o j e c t  Representat ive.  
SOCC Number "B" t o  MDC Number "C" 
This phone c i r c u i t  w i l l  be used f o r  
communications between the  S-66 Pro jec t  Representat ive a t  GSFC and the  sen io r  
S-66 Pro jec t  Representative a t  the MDC. 
5.2.1.2.4 Space Operations Control Center (SOCC) 
t o  Pr ince Albe r t  Radar Laboratory (PAEL), 
Pr ince Albe r t ,  Saskatchewan - PARL Liaison 
Of f i ce r .  
SOCC Number "K" t o  PARL Number "A" 
This phone c i r c u i t  w i l l  be used t o  keep 
t h e  PARL personnel f u l l y  informed of the progress  and s t a t u s  of the launch and 
e a r l y  o r b i t  operat ions.  
5.2.1.2.5 Space Operations Control Center (SOCC) 
t o  NASA Headquarters Mission S t a t u s  
Room - Technical L ia i son  Of f i ce r .  
SOCC Number "GI' t o  NASA Headquarters Number "A" 
This phone c i r c u i t  w i l l  be used t o  keep 
the  NASA Headquarters Mission S t a t u s  Room f u l l y  informed of t h e  progress  and 
s t a t u s  of the launch and e a r l y  o r b i t  ope ra t ions  a t  a l l  times. 
w i l l  be received i n  the Mission S t a t u s  Room by the  Tracking and Data Acquis i t ion 
Liaison Off icer ,  M r .  R .  D.  Heckel. 
This information 
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5.2.1.2.6 Space Operations Control Center (SOCC) 
t o  NASA Headquarters P res s  Room - 
Public Information Of f i ce r .  
SOCC Number "H" t o  NASA Headquarters Number ''Brr 
The NASA Headquarters P res s  Room w i l l  be 
kep t  f u l l y  informed of the s t a t u s  and progress of t he  launch and e a r l y  o r b i t  
ope ra t ions  a t  a l l  times v ia  t h i s  phone. 
5.2.1.2.7 Space Operations Control Center (SOCC) 
to  Applied Physics Laboratory (APL) , 
Howard County, Maryland - APL Lia i son  
Off icer  . 
SOCC Number "J" t o  APL Number "A" 
This phone c i r c u i t  w i l l  be used f o r  
communications between the  SOCC and the S-66 P r o j e c t  Representat ive a t  APL. 
5.2.1.2.8 Space Operations Control Center (SOCC) 
to  Point  Mugu Computing Center - Computer 
Liaison O f f i c e r .  
SOCC Number "N" t o  Point Mugu Number "A" 
This c i r c u i t  w i l l  be a c t i v a t e d  t o  receive 
r a d a r  d a t a  and o r b i t a l  parameters,  and w i l l  serve as a backup t o  the i n i t i a l  
TTY c i r c u i t  w i th  Point Mugu. 
5.2.1.3 Launch Data. 
Launch information i n  the form of Doppler, v e h i c l e ,  
t r a j e c t o r y  and o r b i t  information, and s t a t i o n  a c q u i s i t i o n  and loss information 
w i l l  be given t o  the appropr i a t e  personnel i n  the Space Operations Control Center 
f o r  e n t r y  on the d i sp lay  f a c i l i t i e s .  
5.2.1.4 Interferometer Data. 
Interferometer Data w i l l  be received by COMPUT and 
undergo prescr ibed logging and f i l i n g .  
phase, a copy of a l l  d a t a  messages will be received by the Early Orbi t  
Determination Group f o r  checking the data q u a l i t y  and ambiguity r e s o l u t i o n  . 
The t e l e t y p e  tape w i l l  be processed by the Mini t rack Sect ion using the CDC 
160 e d i t  program. 
Early Orb i t  Determination Group for o r b i t a l  computation. 
During the launch and e a r l y  o r b i t  
The d a t a  on BCD observation ca rds  w i l l  be forwarded t o  the  
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A copy of the in t e r f e romete r  d a t a  observat ions 
converted t o  t i m e ,  azimuth and e l e v a t i o n  (near o r  a t  meridian o r  l a t i t u d e  
c ros s ing )  w i l l  be s e n t  t o  SAOCAM, SPATRK, SPASUR, and SPADATS as soon as 
a v a i l a b l e  f o r  use i n  o r b i t a l  computations. 
5.2.1.5 Radar, Doppler, Optical ,  Miscellaneous Data. 
All t r ack ing  d a t a  received by the  Space Communications 
Center which have not  a l r eady  been descr ibed,  such as r a d a r ,  doppler,  o p t i c a l ,  
e tc . ,  s h a l l  be s e n t  t o  the Early Orbi t  Determination Group f o r  o r b i t a l  
computations. 
5.2.1.6 Space Operations Control Center Displays.  
Appropriate d i s p l a y s  s h a l l  be maintained i n  the  SOCC 
during the  launch and e a r l y  o r b i t  phase t o  keep the  GSFC Operations personnel 
informed of the s t a t u s  of t h e  operat ion.  
5.2.1.6.1 World Map Board. 
The World Map Board i n d i c a t e s  the s t a t u s  









SPACECRAFT SIGNAL ACQUIRED 
ACQUISITION SCHEDULED BUT NOT REPORTED 
PASS ENDED 
5.2.1.6.2 General S t a t u s  Screen. 
P r i o r  t o  l i f t - o f f ,  t h i s  s c reen  w i l l  show 
countdown s t a t u s  such as times and lengths  of  hold as w e l l  as the terminal  
Scout Vehicle countdown, 
During launch, v e h i c l e  performance w i l l  
be shown by ind ica t ing  confirmation of each i t e m  i n  the  launch sequence as 
i t  is received; i . e .  i g n i t i o n  and burnout of  each s t a g e ,  e t c .  P e r t i n e n t  
t e l e t y p e  messages w i l l  a l s o  be p ro jec t ed  f o r  gene ra l  viewing. 
A f t e r  i n j e c t i o n  of the s p a c e c r a f t  i n t o  
o r b i t ,  t h i s  screen w i l l  show s t a t i o n  names, p red ic t ed  and a c t u a l  s i g n a l  
a c q u i s i t i o n  and loss times, p red ic t ed  and a c t u a l  times of s t a t i o n  axes 
c ros s ings ,  predicted z e n i t h  ang le ,  and maximm AGC received.  This information 
w i l l  be kep t  current  and as c l o s e  t o  r ea l - t ime  as poss ib l e .  
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5.2.1.6.3 Doppler P l o t  Screen. 
Beginning a t  launch, t he  Doppler d a t a  
w i l l  be received over t he  SOCC t o  PMR phone communications and w i l l  serve 
as an input  t o  the  Iconorama p ro jec to r .  
d a t a  and p r o j e c t  i t  on a screen  f o r  general viewing i n  the  SOCC. The Doppler 
p l o t  shows frequency versus  time as an ind ica t ion  of v e h i c l e  performance. 
The Iconorama w i l l  p l o t  t he  Doppler 
After t he  Doppler p l o t  i s  completed, a 
world map w i l l  be pro jec ted  on t h i s  screen,  and the  nominal s u b - s a t e l l i t e  
p l o t  w i l l  be drawn i n  "real- t ime" to  ind ica t e  the  approximate p o s i t i o n  of 
the  s a t e l l i t e  a t  any given time. 
5.2.1.6.4 Launch and O r b i t a l  Parameters Board. 
T h i s  board w i l l  show the  nominal and 
a c t u a l  o r b i t a l  elements,  and o the r  pe r t inen t  information r e l a t i n g  t o  the  
veh ic l e  and spacecraf t .  
5.2.1.7 Schedules Section. 
During the  launch and e a r l y  o r b i t  phase the  Network 
Control Group (NETCON), w i l l  be responsible  f o r  t he  following. 
5.2.1.7.1 Scheduling and monitoring the  Operations 
of the  Space Tracking and Data Acquisi t ion Network. 
5.2.1.7.2 Maintaining the  SOCC d i sp lays  i n  near 
r ea l - t ime  s t a t u s .  
5.2.1.7.3 Ensuring for the  Ear ly  Orb i t  Determination 
Group t h a t  S-66 r ece ives  f i r s t  t racking p r i o r i t y  a t  the  Space Tracking and 
Data Acquis i t ion  Network s t a t i o n s .  
5.2.1.7.4 Preparing ( i n  conjunct ion wi th  the  Ear ly  
Orb i t  Determination Group and the  Data Processing Branch) and submit t ing a 
Launch Operations Control Report t o  the Ass i s t an t  Di rec tor  f o r  Tracking and 
Data Systems a t  0800 hours E.S.T. during the  3 day per iod  a f t e r  launch. 
of t h i s  r e p o r t  w i l l  be forwarded t o  those personnel on the  S-66 Launch and 
Ear ly  Orb i t  D i s t r i b u t i o n  L i s t .  
Copies 
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5.2.1.7.5 Maintaining cognizance of the spacecraft's 
status. Graphs, logs,  and/or tabulation of various spacecraft parameters, such 
as main solar charge current, command battery current, load current, battery 
voltage, temperatures, and charge regulator performance, etc. will be kept. 
Twice a day quick-look information concerning the above mentioned parameters 
will be obtained via TTY from certain scheduled quick-look telemetry acquisition 
stations . 
This information will be interpreted, 
using the calibration data supplied by the Johns Hopkins University, Applied 
Physics Laboratory, and forwarded via TWX to: 
Transit Control Center 
Applied Physics Laboratory 
Laurel, Maryland 
Attn: Duty Officer 
as soon as possible after it is interpreted. 
5.2.1.7.6 Maintaining liaison with the Johns 
Hopkins University, Applied Physics Laboratory personnel at Howard County, 
Maryland. The purpose of this liaison will be to coordinate spacecraft 
status and command requirements. 
5.2.2 Normal Phase. 
Upon notification from the Operations Director, the Network 
Control Group will enter the normal operating phase of the S-66 Project and 
will so continue for the scientific lifetime of the spacecraft, nominally 
three years. 
During this phase, the Network Control Group will schedule 
tracking and data acquisition activities in accordance with the requirements 
of the Project and the Spacecraft Priority Schedule. 
The Network Control Group will also be responsible for 
receiving, interpreting, and forwarding quick-look spacecraft status infor- 
mation as described in Sections 5.2.1.7.5 and 5.2.1.7.6. 
- 39 - 
NASA - GSFC 
OPPLAN 2-63 
6.0 FIELD STATION OPERATIONS. 
F i e l d  s t a t i o n s  belonging t o  the below l i s t e d  organizat ions w i l l  p a r t i c i p a t e  
i n  the  S-66 p ro jec t .  
Goddard Space F l i g h t  Center 
NORAD Space Dstect ion and Tracking System 
Smithsonian Astrophysical Observatory 
T r a n s i t  Navigational Network 
P a c i f i c  Missi le  Range 
Defense Research Telecommunications Establishment 
The r e s p o n s i b i l i t i e s  f o r  the s t a t ions  as o u t l i n e d  in the following paragraphs 
are n e c e s s a r i l y  b r i e f  and o f t e n  general ,  
of s t a t i o n  personnel must be exercised i n  order t h a t  the  requirements of the 
p r o j e c t  are most s a t i s f a c t o r i l y  met. 
f o r  the s t a t i o n  to  f e e l  f r e e  t o  make an inquiry whenever the re  i s  a quest ion on 
the operat ions.  
Consequently a t  times the judgement 
Also, i t  is  t o  the b e n e f i t  of a l l  concerned 
This countdown is  referenced to  the launch time (T-0) and shown only 




Receive n o t i f i c a t i o n  of nominal 
launch da te  and time. 
T-7 Days Communications T e s t .  




Receive nominal pred ic t ions .  
PMR submit launch s t a t u s  r e p o r t  
t o  NETCON. 









Receive message from NETCON which 
s t a t e s  t h a t  network condi t ion  is  
GREEN. 
Receive message from NETCON which 
s t a t e s  t h a t  s t a t i o n  should be pre-  
pared t o  implement Operations 
Plan 2-63. 
PMR submit launch s t a t u s  r e p o r t  t o  
NETCON. 
PMR submit launch s t a t u s  r e p o r t  t o  
NETCON. 
PMR aga in  submit launch s t a t u s  
r e p o r t  t o  NETCON. 
Receive network grouping from 
SPACON. Send four  l i n e s  of FOX 
test t o  SPACON upon reques t .  
Receive n o t i c e  from NETCON t h a t  
network condi t ion  i s  RED and t h a t  
M I N I M I Z E  i s  imposed. 
Receive message from NETCON which 
s t a t e s  t h a t  launch i s  imminent. 
Submit s t a t i o n  readiness  r e p o r t  
t o  NETCON. 
Again submit s t a t i o n  readiness  
r e p o r t  t o  NETCON. 
NOTE: A l l  s t a t i o n s  are assumed t o  
be ope ra t iona l  a f t e r  t h i s  time 
un le s s  NETCON i s  n o t i f i e d  o the r -  
wise. 
Receive PMR launch information v i a  
SPACON. 
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COUNTDOWN ACTION 
i *  
I 
I -  
T-15 to T-O 
LIFT-OFF 
Receive all pertinent pre-launch 
information. 
Receive lift-off time from NETCON 
via phone and/or TTY. 
6.2 GSFC TRACKING AND DATA ACQUISITION STATIONS. 
6.2.1 Tracking. 
6.2.1.1 Interferometer Tracking. 
The Space Tracking and Data Acquisition Network 
(STADAN) stations responsible for interferometer tracking S-66 for the active 
iifetime of the sateiiite, nominally three years, are as follows: 
Antofagasta, Chile 
Blossom Point, Maryland 
College, Alaska 
E. Grand Forks, Minnesota 
Fort Myers, Florida 




St. Johns, Newfoundland 
Winkfield, England 
Woomera, Australia 
" - 1 > - L - - -  n...3:c..--:- 
buAuaLuuc, u a ~ ~ ~ u & u & a  
6.2.1.1.1 Launch and Early Orbit Phase. 
During the launch and early orbit phase, 
the above STADAN stations will track the 136.170 Mc satellite beacon frequency 
on all predicted tracking passes and submit automatic digital data to COMPUT 
in accordance with established standard operating procedures. 
also be taken but will not be sent unless requested. In addition, the pass 
reports (giving signal acquisition time, AGC levels, etc.) will be sent to 
NETCON in accordance with established standard operating procedures. 
Analog data will 
6.2.1.1.2 Normal Phase. 
The normal tracking phase for the S-66 
project will begin upon notification from the Space Operations Control Center, 
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and w i l l  continue f o r  the use fu l  l i f e t i m e  of the s a t e l l i t e .  The STADAN 
s t a t i o n s  l i s t e d  i n  Sect ion 6.2.1.1 above w i l l  be responsible  f o r  t r ack ing  
the  spacec ra f t  during t h i s  phase. Tracking d a t a  w i l l  be s e n t  t o  COMPUT i n  
I accordance with e s t ab l i shed  s tandard ope ra t ing  procedures. 
6.2.1.2 Gilmore Creek, Alaska (ULASKA) , 
The ULASKA s t a t i o n  w i l l  be responsible  f o r  t r ack ing  
the S-66 spacecraf t  beacon frequency (136.170 M c . )  during t h e  f i r s t  pass and 
submit t ing angular t racking d a t a  t o  GSFC f o r  o r b i t a l  computations. 
6.2.2 Commands. 
The Consolidated Systems Corporation command encoder w i l l  be 
used t o  generate command tones "A, B ,  and C" t o  the S-66 s p a c e c r a f t .  The 
s p e c i f i c  tone b u r s t s  w i l l  amplitude modulate the 148.260 Mc. c a r r i e r  frequency. 
The commands t h a t  w i l l  be used €or commanding the S-66 space- 
c r a f t  are l i s t e d  i n  Table 6-1.  All commands w i l l  be €or a period of 0.5 
seconds each and a sepa ra t ion  of 0.5 seconds w i l l  be used between tones.  
TABLE 6 - 1  
COlIMAND FUNCTION 
" C I I  Energizes the spacec ra f t  command 
log ic .  
Steps channel "A" s e l e c t o r  switch 
one s t e p  forward (clockwise) f o r  
each command pulse .  
6.2.2.1 S t a t i o n  Respons ib i l i t y .  
Steps channel "B" s e l e c t o r  switch 
one s t e p  forward (clockwise) f o r  
each command pu l se .  
The STADAN s t a t i o n s  r e spons ib l e  f o r  execut ing commands 
"A, B ,  and C" a r e  as follows: 
Antofagasta,  Chi le  
Blossom Po in t ,  Maryland 
College,  Alaska 
E .  Grand Forks,  Minnesota 
F o r t  Myers, F l o r i d a  
- 
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Goldstone, Cal i fornia  
Johannesburg, S. Af r i ca  
L ima ,  Peru 
Qui  t o  , Ecuador 
Santiago , Chile 
S t .  Johns, Newfoundland 
Winkf i e l d  , England 
Woomera , Austral ia  
6.2.2.1.1 A l l  s t a t i o n  i n t e r r o g a t i o n  r e s p o n s i b i l i t i e s  
w i l l  be scheduled by the Network Control Group i n  accordance wi th  i n s t r u c t i o n s  
of t he  P r o j e c t  Manager o r  h i s  r ep resen ta t ive  and the  Spacecraf t  P r i o r i t y  Schedule. 
6.2.2.1.2 A command t h a t  i s  not accepted by t h e  
s a t e l l i t e  should be repeated a t  approximately15 sec. i n t e r v a l s  u n t i l  i t  i s  
given 5 times. I f  a command t h a t  i s  scheduled f o r  a p a r t i c u l a r  s t a t i o n  
on a p a r t i c u l a r  pass is given more thanonce  o r  not a t  a l l ,  a PRIORITY message 
is  t o  be s e n t  t o  NETCON. This message should be s e n t  w i t h i n  LO minutes of t h e  
abnormal command ope ra t ions  and should specify the  t o t a l  number of  times t h a t  
t he  command was given. It should a l s o  include a n  opinion whether the f a u l t  is 
w i t h i n  the  s a t e l l i t e  o r  is w i t h i n  the  ground s t a t i o n  operat ions o r  equipment. 
6.2.2.2 Command Ins t ruc t ion .  
Table 6-3 presents  t he  format t o  be used i n  preparing 
the  Consolidated Systems Corporation comand encoder f o r  generat ion of command 




























MANUAL TONE MODE 
NOT APPLICABLE 







"0" FOR CHECK: 
then s e l e c t  
appropriate 
t ransmit ter .  
SWITCH POSITION 
COMMAND 
C B A 
T T T 
4 4 4 
09-12 10-05 09-06 
-- 
- - - 
- - - 
- - - - - - 
- - - 
0.5 0.5 0.5 
sec.  sec. sec. 
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6.2.3 Data Acquisitions. 
6.2.3.1 Station Responsibilities. 
The below listed STADAN stations shall have 
responsibility for recording telemetered data from the S-66 satellite 
using the 136.170 Mc beacon frequency. These stations are: 
Antofagasta, Chile 
Blossom Point, Maryland 
College, Alaska 
E. Grand Forks, Minnesota 
Fort Myers, Florida 
Goldstone, California 
Johannesburg, S. Africa 
Lima, Peru 
Quito, Ecuador 
Santiago , Chile 
St. Johns, Newfoundland 
Winkfield, England 
Woomera, Australia 
All data acquisition periods will be scheduled by 
the Network Control Group and data will be recorded only during these periods. 
6.2.3.2 General Receiving Instructions. 
A block diagram showing the data acquisition system 
is shown in Figure 9. 
6.2.3.2.1 Antenna Polarization-Circular. 
6.2.3.2.2 Dual Channel Pre-Amplifier-136.500 Mc. 
6.2.3.2.3 Mod I Telemetry Receiver. 
Inputs 
Receiver "A" - PM output of right 
circular polarized antenna 
system. (Frequency 136.170 Mc.) 
Receiver rrBrt - PM output of left circular 
polarized antenna system. 
(Frequency 136.170 Mc.) 
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RECORD - T P I C K  AMPLIFIER 
1 D i r e c t  
2 D i r e c t  
3 D i r e c t  
4 Direct 
Bandwidth 
2nd I .F.  - 100 K c .  
outputs 
Output Converted - 62 K c .  c en te r  frequency. 
2nd I .F .  - AGC 
Tracking F i l t e r .  
Input 
62 K c .  output  of Mod I r e c e i v e r  having 
h ighes t  s i g n a l  l e v e l .  
output 
Phase Modulation Output - de tec t ed  s i g n a l .  
PM c u t o f f  f i l t e r  - 30 Kc. 
Minitrack Timing Signals .  
Time-Serial and Binary Coded 
Precis ion Clock Drive - 60 cps 
Standard Frcqucncy - 10 Kc. 
PIagnetic Tape Recorder Speed. 
ET-400-7 1 / 2  inchcs per  second. 
FE-100-15 inches p e r  second. 
Magnetic Tape k c o r d e r  Track Assignments. 
SOURCE 
AGC Record Control 
Control Track Generator 
Mini t rack T i m e  Standard 
?M Output of Tracking F i l t e r  




60 cps AM on 18.24 
Kc.  c a r r i e r  
BCD T ime  
Detected Signal  
10 K c .  Standard 
RECORD 
TPACK AMPLIFIER SOURCE 
5 Direct WWV Receiver 
SIGNAL 
WWV T ime  
6 FM Minitrack T i m e  Standard S e r i a l  Coded Time 
7 Direct Audio Amplifier Voice and Couunand 
Tones 
6 . 2 . 4  Quick-Look Data. 
6 . 2 . 4 . 1  General. 
The STADAN s t a t i o n s  l i s t e d  i n  Sect ion 6 . 2 . 3 . 1 ,  which 
have been assigned telemetry a c q u i s i t i o n  and recording r e s p o n s i b i l i t i e s ,  w i l l  
a l s o  be responsible f o r  submitt ing a TTY r e p o r t  t o  NETCON concerning the  s t a t u s  
of certain c r i t i c a l  housekeeping funct ions (Table 6 - 3 )  as soon as p o s s i b l e  a f t e r  
loss of s ignal .  A l l  quick-look per iods w i l l  be scheduled by the Network Control 
Group and quick-look d a t a  w i l l  be suppl ied only during these  periods.  
TABLE 6 - 3  
CHANNEL (PAM) PAPUMETER 
24 Main Solar  Charge Current 
23 Comand Ba t t e ry  Current 
25 Load Current 
27 -10.7 Volt  Ba t t e ry  Voltage 
26 - 2 4 . 3  Volt  Ba t t e ry  Voltage 
1 (SEE NOTE BELOW) Seven Temperatures 
9 (SEE NOTE BELOW) Charge Regulator Performance 
NOTE: 
commutator, w i l l  make seven d i f f e r e n t  temperature measurements each frame of  
the 35 channel commutator. 
f o r  t he  housekeeping data .  
A PDM encoder, synchronized wi th  channel 1 of t h e  35 channel PAM 
A l l  seven temperature measurements w i l l  be r equ i r ed  
A t e l l t a l e  r e g i s t e r ,  synchronized w i t h  channel 9 of t he  35 channel PAM 
commutator, will sub-commutate seven p i eces  of information of  t he  ON/OFF v a r i e t y  
and has a PCM output  format. 
w i l l  be required f o r  housekeeping da ta .  
Only t e l l t a l e  number 2 ( cha rge regu la t ed  performance) 
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6.2.4.2 Quick-Look Recordins I n s t r u c t i o n s .  
Due t o  the  channels required f o r  monitorin2 the s t a t u s  
of t he  S-66 s p a c e c r a f t ,  s t a t i o n  personnel w i l l  be required t o  d i sc r imina te  and 
d i s p l a y  on the Sanborn and Visicorder  recorders  t h r e e  sepa ra t e  readouts ;  one 
f o r  t he  PAM d a t a ,  one f o r  the fDM d a t a ,  and one f o r  the PCE4 data .  A block 
diagram showing the quick-look recording system i s  shown i n  Figure 9. 
5.2.4.2.1 PAN Data. 
6.2.4.2.1.1 General. 
One frame of the commutator 
c o n s i s t s  of 35 channels. Each channel durat ion i s  0 .629  seconds; however, 
d a t a  is  t ransmit ted f o r  only 75% of t h i s  t i m e ,  o r  0.472 seconds. Figure 6 
i l l u s t r a t e s  the type of  vol tage output which can be expected from the two sub- 
carriers. 
Note t h a t  i n  Figure 6 t he  
dead t i m e  amplitude does not correspond t o  0 v o l t  c a l i b r a t e  but  some o the r  l e v e l .  
This is  because f o r  t h i s  25% of the sample t i m e  the  sub -ca r r i e r  is  open c i r c u i t ,  
and the  open c i r c u i t  frequency is no t  the same as the  s h o r t  c i r c u i t  frequency. 
It should a l s o  be noted t h a t  on both outputs,  t he  amplitudes which exceed 
approximately 30% of f u l l  scale are shown as noisy channels. Signal  drop-outs 
w i l l  occur when the  inpu t  l e v e l  exceeds f u l l  s c a l e  value by about 30 o r  40%. 
This is  because no l imiter ex i s t s  i n  front of the sub -ca r r i e r  o s c i l l a t o r ,  and 
as the frequency is increased due t o  the low pass f i l t e r  on i t s  output .  
6.2.4.2.1.2 Determining Frame Sequence. 
I n  reducing PAM d a t a ,  i t  i s  
r equ i r ed  t h a t  t he  ind iv idua l  channel can be i d e n t i f i e d .  The techniques t h a t  
should be used i n  S-66 a r e  as follows: 
6.2.4.2.1.2.1 Locate the 
PDM bur s t .  The PDM encoder reads o u t  on Channel 1 and con ta ins  considerable  
high frequency da ta .  
6.2.4.2.1.2.2 Locate the  
te l l ta le  r e g i s t e r .  The te l l ta le  r e g i s t e r  on Channel 9 a l s o  con ta ins  considerable  
high frequency information, except pulse widths a r e  equal and pu l se  height  i s  
e i t h e r  h a l f  scale o r  f u l l  s c a l e .  
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G.2.4.2.1.2.3 Use both PDF1 
and t e l l t a l e  r e g i s t e r .  Since both the PDM and the t e l l t a l e  r e g i s t e r  c o n s i s t  
of subcommutated da ta  they kherefore have r e l a t i v e l y  high frequency d a t a ,  and 
t o  in su re  proper frame synchronization, i t  i s  b e s t  t o  determine both the PDM 
and t e l l t a l e  r e g i s t e r .  This technique e l imina te s  the  p o s s i b i l i t y  of confusing 
one with thn, other .  Once personnel are f a m i l i a r  with the format i t  w i l l  be 
obvious which r e g i s t e r  i s  which and i t  w i l l  be unnecessary t o  confirm by 
f inding Channels 1 and 9. 
6.2.4.2.1.3 PAM Quick-Look Reduction. 
6.2.4.2.1.3.1 Obtain a 
Sanborn record of the PAM d a t a  (Figure loa).  
be used. 
A speed of 5 mm/second should 
6.2.4.2.1.3.2 Once frame 
synchronization has been determined, l o c a t e  the high and low band edge 
c a l i b r a t e  channels and draw a s t r a i g h t  l i n e  between adjacent  c a l i b r a t e  po in t s .  
Then using a s c a l e  which i s  divided wi th  a t  l eas t  100 d i v i s i o n s  per  inch,  measure 
the d i s t ance  between low and high band edge c a l i b r a t e  channels. Then measure the 
amplitude of channels 23, 24, 25, 26, and 27 w i t h  r e spec t  t o  the  low band edge 
c a l i b r a t e  l i n e .  
6.2.4.2.1.3.3 Determine the 
r a t i o  of the amplitude of unknown channels t o  the amplitude of the f u l l  scale 
c a l i b r a t e .  
6.2.4.2.1.3.4 Record the 
va lues  of the r a t i o s  of channels 23, 24, 25, 26, and 27, i n  p a r t  two of the  
TTY format as shown i n  Figure 12. 
6.2.4.2.1.3.5 Figure 10a 
shows how a typ ica l  channel value i s  determined by the above technique. I n  
Figure loa, the height  of channel 4 i s  measured t o  be 1.97 inches.  To 
determine the value of the active temperature con t ro l  v o l t a g e ,  channel 10,  
t he  high and low band edge l i n e s  are constructed and then the  amplitude of 
channel 10 is  measured. The r a t i o  of the amplitude of channel 10 t o  the 
amplitude of the f u l l  s c a l e  c a l i b r a t e ,  channel 4 ,  is  then found by: 
1.52/1.97=0.771 
6.2.4.2.2 PDM Data. 
(Temperature Telemetry on channel 1 of 
the PAM commutator). 
i 6.2.4.2.2.1 General. 
The p a t t e r n  of the PDM c o n s i s t s  
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Typical PCM Pulse Train as i t  would appear on a Visicorder Strip Chart FIGURE 10b 
I .  
i n t e r v a l s  between these  pulses  vary from 5 t o  35 msec. It i s  from these  
v a r i a t i o n s  i n  du ra t ion  t h a t  the  temperature d a t a  i s  obtained.  
Figure 11 shows a t y p i c a l  
PDM pulse  t r a i n  a s  i t  would be displayed on a v i s i c o r d e r  recorder .  There 
a r e  e i g h t  channels represented  by these 15 t i m e  i n t e r v a l s  ( i . e . ,  e i g h t  pu l se s  
p lus  seven i n t e r v a l s  between pu l ses ) .  
shown i n  Figure 11. It w i l l  be noted tha t  the  l a s t  seven i n t e r v a l s  a r e  
r e p e t i t i o u s  of  the  f i r s t  seven and tha t  t he re  i s  only one i n t e r v a l  r ep resen t ing  
d a t a  channel 1. 
The order  of the d a t a  channels is  as 
Data channel 2 i s  reserved 
f o r  c a l i b r a t i o n  and the  dura t ions  of the o the r  seven channels vary i n  inverse  
propor t ion  t o  the  temperature a t  t h e  points  being monitored i n  the  s a t e l l i t e ,  
6 . 2 . 4 . 2 . 2 . 2  PDM Quick-Look Reduction. 
6 . 2 . 4 . 2 . 2 . 2 . 1  Obtain a 
v i s i c o r d e r  record of the  d a t a  (Figure 11). 
should be used. 
A speed of 10 inches per  second 
6 . 2 . 4 . 2 . 2 . 2 . 2  D r a w  a ho r i -  
zon ta l  cen te r  l i n e  as shown i n  Figure 11. 
6 . 2 . 4 . 2 . 2 . 2 . 3  Along t h i s  
cen te r  l i n e  measure the  f i f t e e n  i n t e r v a l s .  Resolu t ion  is  improved wi th  a b i l i t y  
t o  measure and a s c a l e  of 1/100th of an inch  i s  recommended. However, s i n c e  
r a t i o s  of lengths  a r e  used, choice of sca l e  i s  completely a r b i t r a r y .  
6 . 2 . 4 . 2 . 2 . 2 . 4  Since the  
l a s t  seven i n t e r v a l s  a r e  r epea t s  of the f i r s t  seven, these  lengths  may be 
averaged t o  give seven channel lengths  (channels 2 through 8).  Channel 1 
occurs  only  once (Figure 11). 
g ive  e i g h t  channel l eng ths  of raw data.  
Proceeding as ind ica t ed  i n  Figure 11 should 
6 . 2 . 4 . 2 . 2 . 2 . 5  Record the  
8 channel lengths  as explained above i n  p a r t  3 of the  TTY format as shown i n  
F igure  1 2 .  
6 . 2 . 4 . 2 . 3  PCM Data. 
( T e l l t a l e  Reg i s t e r  on Channel 9 of t he  PAM 
Commutator). 
















































6 . 2 . 4 . 2 . 3 . 1  Gener a1 . 
The t e l l t a l e  r e g i s t e r  
t r ansmi t s  seven b i t s  of information on channel 9 of t he  PAM commutator v i a  
a PCM code. 
F igure  10b shows a t y p i c a l  
PCM sample as i t  would be displayed on a v i s i c o r d e r  recorder .  
A rrO" state i s  def ined as 
a pulse  of f u l l  s c a l e  he ight  while a ''1" i s  a pulse  of only ha l f  f u l l  s c a l e .  
The pulse  width i s  approximately 25 mill iseconds long and the  time between 
pu l ses  is equal t o  the  pulse  width. 
and vo l t age  but  the  time w i l l  always be such t h a t  the  t i m e  of e i g h t  pu lses  
w i l l  be contained i n  the  one channel. 
f o r  synchronizat ion purposes.  
Pulse width w i l l  va ry  wi th  temperature 
The e i g h t  channel has been omit ted 
6 . 2 . 4 . 2 . 3 . 2  PCM Quick-Look Reduction. 
6 . 2 . 4 . 2 . 3 . 2 . 1  Obtain a 
v i s i c o r d e r  record of the  d a t a  (Figure lob).  A speed of 10 inches pe r  second 
should be used. 
6 . 2 . 4 . 2 . 3 . 2 . 2  Determifie t h e  
state  ("0" o r  r'llr) of t e l l t a l e  number 2 (Figure lob ) .  
6 . 2 . 4 . 2 . 3 . 2 . 3  Record the  
s t a t e  of t e l l t a l e  number 2 under channel 9 i n  p a r t  two of t he  TTY format as 
shown i n  Figure 1 2 .  
6 . 2 . 4 . 3  Quick-Look TTY Reporting Format. 
The TTY format which w i l l  be used i n  r epor t ing  the  
d a t a  w i l l  c o n s i s t  of one l i n e  of t he  regular  te lemetry r e p o r t ,  a second p a r t  
which is made up of d a t a  readings from PAM channels 9 ,  2 3 ,  2 5 ,  2 6 ,  and 2 7 ,  
and a t h i r d  p a r t  which i s  made up of 8 PDM readings (PAM Channel 1). 
TTY message format i s  shown i n  Figure 1 2 .  
A sample 
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6.2.5 Ionospheric S t a t i o n s .  
6.2.5.1 Blossom Point,  Maryland. 
I n  a d d i t i o n  t o  t r ack ing  the  136.170 Mc beacon 
frequency and recording the 136.170 Mc telemetered d a t a ,  t h e  Blossom Point  
STADAN s t a t i o n  w i l l  a l s o  be responsible  f o r  r ece iv ing  and recording the  20, 40, 
and 41 Mc r a d i a t e d  frequencies .  
An explanation of the equipment t o  be suppl ied t o  the 
Blossom Poin t  s t a t i o n  f o r  the 20, 40 ,  and 41 Mc ionospheric  d a t a  and recording 
i n s t r u c t i o n s  w i l l  be provided a t  a l a t e r  da t e .  
6.2.5.2 Johannesburg, S. Africa.  
The Johannesburg STADAN s t a t i o n ,  i n  a d d i t i o n  t o  
CU^ -1*: - - 
L L ~ L ~ L U ~  the 136.170 M c  beacon frequency and recording the 136.170 Mc teiemetered 
d a t a ,  w i l l  be responsible  f o r  receiving and recording the 40 and 41 Mc r a d i a t e d  
frequencies .  An explanat ion of the equipment t o  be suppl ied along wi th  recording 
i n s t r u c t i o n s  t o  the Johannesburg s t a t i o n . w i l 1  be provided a t  a la te r  da t e .  
6.2.6 Recorded Telemetry Data. 
Analog Tape Library,  Code 565 
Goddard Space F l i g h t  Center 
Greenbelt ,  Maryland, U.S.A.  
as soon as poss ib l e .  
All drttr cbtained a f t e r  t h i s  time w i l l  be forwarded t o  the 
above addressee i n  accordance wi th  the standard tape mailing i n s t r u c t i o n s  and 
r o u t i n e  procedures. 
6.2.7 Telemetry Reports. 
Cumulative te lemetry r epor t s  s h a l l  be prepared and submitted 
i n  accordance wi th  e s t a b l i s h e d  standard ope ra t ing  procedures. 
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6.3 NORAD SPACE DETECTION AND TRACKING SYSTEMS. 
The U. S.  Naval Space Surve i l lance  System of the  NORAD Space 
Detect ion and Tracking Systems, i s  requested t o  t r a c k  the  S-66 s a t e l l i t e  
f o r  the  f i r s t  24 hours a f t e r  launch and forward the  t racking  d a t a ,  v i a  t e l e -  
type,  t o  the  Goddard Space P l i g h t  Center "COMPUT" as soon as poss ib l e .  
6.4 SMITHSONIAN ASTROPHYSICAL OBSERVATORY. 
The Smithsonian Astrophysical  Observatory is requested t o  o p t i c a l l y  
t r a c k  the  S-66 s a t e l l i t e  during the  launch and Ear ly  Orbi t  Phase; i . e ,  u n t i l  
t he  o r b i t  i s  accu ra t e ly  determined by the  GSFC Ear ly  Orbi t  Determination Group. 
The o p t i c a l  t racking d a t a  w i l l  be s e n t  t o  the  Goddard Space F l i g h t  Center v i a  
t e l e t y p e  as soon a s  poss ib l e  a f t e r  being acquired.  
NETCON upon terminat ion of the  Launch and Ear ly  Orbi t  Phase. 
SAOCAM w i l l  be n o t i f i e d  by 
Should the  spacec ra f t  136.170 Mc beacon cease t r ansmi t t i ng  p r i o r  t o  the  
te rmina t ion  o f  t he  a c t i v e  s c i e n t i f i c  l i f e t i m e  of t he  s p a c e c r a f t ,  i t  i s  contem- 
p l a t e d  t h a t  SA0 w i l l  be requested t o  provide GSFC wi th  o r b i t a l  and t racking  
information necessary f o r  computing p red ic t ion  information f o r  the  experimenter 
s t a t i o n s .  
6.5 TRANSIT NAVIGATIONAL NETWORK. 
6.5.1 Tracking. 
Transmit ters  i n  the  spacec ra f t  opera t ing  a t  162 Mc and 324 Mc 
w i l l  enable  the T r a n s i t  Havigational Network t o  Doppler t r a c k  the  S-66 space- 
c r a f t  and t o  p a r t i c i p a t e  i n  the  ionospheric  experiments.  
Ten ta t ive ly ,  t he  following experimental  T r a n s i t  t r ack ing  
s t a t i o n s  w i l l  be  ab le  t o  t r a c k  the S-66 s a t e l l i t e :  
APL/Howard County, Maryland 
Aust in ,  Texas 




P r e t o r i a ,  S .  Af r i ca  
Smi thf ie ld ,  A u s t r a l i a  
South Po in t ,  Hawaii 
Sao Jose Dos Compos, Braz i l  
San Miguel, P h i l l i p p i n e s  
Should the  spacec ra f t  136 Mc beacon cease t r ansmi t t i ng  p r i o r  
t o  the  terminat ion of t he  a c t i v e  s c i e n t i f i c  l i f e t i m e  of t he  s p a c e c r a f t ,  the  
Trans i t  Navigational Network w i l l  be requested t o  provide GSFC wi th  o r b i t a l  
and t racking  information necessary f o r  computing p r e d i c t i o n  information f o r  
the  experimenter s t a t i o n s .  - 54 - 
6.5.2 Command, Data Acquis i t ion and Quick-Look Data. 
Limited da ta  acquis i t ion ,  from launch u n t i l  t he  te rmina t ion  
of t he  a c t i v e  l i f e  of t he  t racking/ te lemetry t r a n s m i t t e r ,  w i l l  be accomplished 
by the  Johns Hopkins Univers i ty  Applied Physics Laboratory f o r  the  purpose of 
e s t a b l i s h i n g  spacec ra f t  s t a t u s .  
A l l  command requirements, except  emergency commands, w i l l  be 
coordinated wi th  the  GSFC S-66 P ro jec t  Manager, APL Lia ison  O f f i c e r ,  and the  
GSFC Network Con t ro l l e r .  
been given au tho r i za t ion  t o  give emergency commands without p r i o r  consu l t a t ion  
wi th  GSFC i f  they a r e  of t he  opinion tha t  t he  t i m e  delay caused by consu l t a t ion  
wi th  the  GSFC rep resen ta t ive  above would r e s u l t  i n  poss ib l e  damage t o  the  space- 
c r a f t .  
The Johns Hopkins Applied Physics Laboratory has 
6.6 PACIFIC MISSILE RANGE. 
6.6.1 P a c i f i c  Miss i le  Range FPS-16 Radar, San Nicolas  I s land .  
The P a c i f i c  Miss i le  Range is requested to  t r a c k  the  launch 
v e h i c l e  w i th  the  FPS-16 radar  loca ted  on San Nicolas  I s l and  during the  launch 
phase and submit raw rada r  da t a ,  i n j e c t i o n  parameters ,  and o r b i t a l  parameters 
t o  GSFC f o r  o r b i t a l  computations as quickly as poss ib l e  a f t e r  being obtained.  
The r a w  radar  d a t a  received a t  San Nicolas I s l and  w i l l  be 
t r ansmi t t ed  v i a  the  micro-wave system t o  the  Point  Mugu 7090 computer f o r  
conversion t o  Mercury Raw Radar Format Revised f o r  t he  S-66 Mission and t r ans -  
mi t ted  t o  GSFC a t  the  r a t e  of one po in t  every six seconds from l i f t - o f f  through 
t h i r d  s t a g e  separa t ion .  
6.6.2 Mission Di rec to r s '  Center, P t .  Arguel lo ,  Ca l i fo rn ia .  
The Mission Di rec to r s '  Center s h a l l  r e l a y  t o  SOCC v i a  telephone 
and/or TTY, as f e a s i b l e ,  a l l  p e r t i n e n t  launch d a t a  and information,  such as 
v e h i c l e  and payload s t a t u s ,  countdown, l i f t - o f f  time and v e h i c l e  s tag ing .  
6.6.3 GSFC/FPB S a t e l l i t e  Tracking S t a t i o n ,  Poin t  Arguel lo ,  
C a l i f o r n i a .  
The GSFC F i e l d  P ro jec t s  Branch a t  Point  Arguello s h a l l  Doppler 
t r a c k  the  spacec ra f t  from l i f t - o f f  t o  loss of s i g n a l  over the  r f  horizon. 
Frequency versus  time d a t a  s h a l l  be relayed to  the  GSFC Space Operations 
Control  Center i n  a near real t i m e  bas i s ,  v ia  telephone. 
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I 6.7 DEFENCE RESEARCH TELECOMMUNICATIONS ESTABLISHMENT. 
The Prince Albert  Radar Laboratory s t a t i o n  of t he  Defence Research 
Telecommunications Establishment,  is  requested t o  t r a c k  the  S-66 s a t e l l i t e  
f o r  t he  f i r s t  pass  of t h i s  s a t e l l i t e  and forward the  raw radar t r ack ing  d a t a ,  
v i a  telephone and/or t e l e type ,  t o  the  Goddard Space F l i g h t  Center "COMPUT" 
a s  soon as possible  a f t e r  s i g n a l  loss. 
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7.0 SPACE COMMUNICATIONS CENTER OPERATIONS. 
7.1 LAUNCH AND EARLY ORBIT PHASE. 
During the launch and early orbit phase, the GSFC Space Communication 
Center and a l l  participating stations will be fully activated for communication 
launch operations as required. Communication procedures will be in accordance 
with TCFP-1 and as supplemented herein. Communications links will be required 
to all participating stations as indicated in this Operations Plan. 
7.1.1 Teletype Operations. 
7.i.i.i Communication Status. 
For the purpose of this Operations Plan, the following 
status conditions will apply for the participating stations in the network. 
7.1.1.1.1 Condition BLUE. Normal routine status, 
Any launch operations over 24 hours in the future. 
7.1.1.1.2 Condition GREEN. Launch operations expected 
within 24 hours in the future. 
7.1.1.1.3 Condition RED. Launch operations in progress. 
Countdown is proceeding on schedule and is within two hours of lift-off. 
MINIMIZE (transmit only operational traffic pertaining to the launch, unless 
otherwise authorized or directed by the control station) will be imposed. If 
lengthy delays occur, the network may be returned to condition GREEN or BLUE, 
depending upon the expected length of the delay. 
7.1.1.2 Abbreviated Communication Launch Procedures. 
7 7.1.1.2.1 Upon establishment of condition RED, the 
following abbreviated procedures will be in effect for participating stations, 
unless otherwise directed or modified by the control station. 
7.1.1.2.1.1 Number continuity is discon- 
tinued. Transmissions will 
be unnumbered. No channel 
numbers or station serial 
numbers will be used. 
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7.1.1.2.1.2 Only the control station 
will maintain continuity. 
This will be accomplished 
by unnumbered channel checks 
to participating stations 
by SPA Relay for non-grouped 
stations and communication 
checks with grouped stations 
by SPACOE or NETCON as 
appropriate. These channel 
checks and communication 
checks will be sent whenever 
deemed necessary by the 
control station and in no 
case will a circuit be allowed 
to remain idle over 30 minutes 
without a continuity check. 
7.1.1.2.1.3 No message precedence will be 
used. A l l  launch traffic will 
be handled on an operational 
immediate basis. 
7.1.1.2.1.4 Procedure message format will 
be used for all transmissions. 
N o  date-time groups will be 
used. 





*Note: Will not be used if r 
examples shown herein 
for a particular type 
transmission omits the 
file time, such as in 
the case of grouped 
stations where the 
direct communication/ 
receipt method is in 
effect . 
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7.1.1.2.2 SPA Relay w i l l  be the  cont ro l  s t a t i o n  
f o r  a l l  non-grouped s t a t i o n s  p a r t i c i p a t i n g  i n  launches and t e s t s .  SPACON 
and/or NETCON as designated w i l l  be the  con t ro l  s t a t i o n  f o r  a l l  grouped 
s t a t i o n s  during launches and t e s t s ,  except as otherwise ind ica t ed  i n  t h i s  
opera t ions  p lan .  
7.1.1.3 Sta tus  I n i t i a t i o n .  
The Space Operations Control Center (SOCC) w i l l  
r eques t  t h a t  t he  var ious  s t a t u s  conditions be i n i t i a t e d  by the  con t ro l  
s t a t i o n  as the  need a r i s e s .  
7.1.2 S t a t i o n  Grouping. 
When d i r ec t ed  by the  Man-in-charge of Communication Launch 
Operat ions,  and i n  prepara t ion  f o r  t he  pre-launch communication checkout f o r  - grouped and non-grouped s t a t i o n s ,  ce r t a in  t racking  s t a t i o n s  w i l l  be grouped 
i n t o  launch opera t ion  network groups by combining them through use of t he  
l e g  combining r epea te r s  loca ted  a t  Goddard. Typical s t a t i o n  groupings a r e  
as follows: 
GROUP I GROUP I1 GROUP I11 
NETCON NETCON 
COLEGE/GFORKS/ULASKA JOBURG 
FTMYRS SPACON -D 
BPOINT 






Group I11 is a Goddard l o c a l  arrangement f o r  "in-house" use. 
7.1.2.1 Pre-launch Communication Checkout f o r  Grouped 
S t a t i o n s .  
Se lec ted  s t a t i o n s  w i l l  be grouped usua l ly  a t  l e a s t  
30 minutes p r i o r  t o  the  t i m e  they a r e  t o  be turned over t o  NETCON, i n  order  
t o  allow t i m e  f o r  a thorough c i r c u i t  grouping checkout. Due t o  the  method 
of grouping, c i r c u i t s  which a r e  normally f u l l  duplex become ha l f  duplex. 
This a l lows only one s t a t i o n  t o  transmit a t  a t i m e .  S t r i c t  c i r c u i t  d i s c i p l i n e  
must be maintained by a l l  s t a t i o n s  i n  the group(s).  The con t ro l  s t a t i o n  w i l l  
des igna te  which s t a t i o n  is  t o  t ransmi t  i n  case of c o n f l i c t ,  o therwise,  
s t a t i o n ( s )  s h a l l  respond i n  order  ca l led .  
method s h a l l  be used by grouped s t a t i o n s ,  except as modified here in .  
fol lowing procedures w i l l  be employed for grouped s t a t i o n s :  
The d i r e c t  communication/receipt 
The 
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7.1.2.1.1 The cont ro l  s t a t i o n ,  upon a c t i v a t i n g  the 
I grouping(s) w i l l  send the following opening communication test  a l e r t :  
Af t e r  transmission of the opening a l e r t ,  
the cont ro l  s t a t i o n  w i l l  ddrec t  the grouped s t a t i o n s  t o  commence sending four 
l i n e s  of FOX test. The f i r s t  s t a t i o n  i n  order  c a l l e d  w i l l  send i t s  t e s t  and 
await the control s t a t i o n ' s  r ep ly ,  the second and a l l  o t h e r s  follow i n  order  
ca l l ed  i n  the same manner. After  the las t  s t a t i o n  has s e n t  i t s  t e s t ,  the  
I Example - Group I 
COLEGE GFORKS ULASKA FTMYRS BPOINT PTARGO NETCON 
DE SPACON 
STATIONS CALLED ARE GROUPED FOR OPPLAN 2-63 
LAUNCH. STANDBY FOR OPENING COMM TEST.  
S t a t i o n s  c a l l e d  a r e  being i n s t r u c t e d  t o  
send 4 l i n e s  of FOX test .  
COLEGE GFORKS ULASKA FTMYRS BPOINT PTARGO NETCON 
DE SPACON 
COMMENCE SENDING 4 L I N E S  FOX T E S T  
S t a t i o n ' s  response i n  order  ca l l ed :  
DE COLEGE 
OPENING COMM T E S T  
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES 
END OF T E S T  
I Control s t a t i o n ' s  r ep ly  t o  opening communication t e s t .  
DE SPACON R COMM T E S T  
Control s t a t i o n ' s  rep ly  i f  the t ransmission is received cor rupt .  
DE SPACON TEST GARBLED STANDBY 
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7.1.2.1.2 Control s t a t i o n ' s  opening connnunication 
test a f t e r  a l l  s t a t i o n s  have completed t e s t  and con t ro l  s t a t i o n  has r e p l i e d  
t o  all t e s t s  andlor  taken co r rec t ive  act ion i n  case of rece iv ing  garbled 
t ransmiss ions .  
COLEGE GFORKS ULASKA FTMYRS BPOINT PTARGO NETCON 
DE SPACON 
OPENING COMM TEST 
S t a t i o n ' s  response i n  order  c a l l e d .  
DE COLEGE R COMM TEST 
DE GFORKS R COMM TEST 
DE ULASKA R COMM TEST 
DE FTMYRS R COMM TEST 
DE BPOINT R COMM TEST 
DE PTARGO R COMM TEST 
DE NETCON R COMM TEST 
Note: I f  s t a t i o n s  c a l l e d  r ece ive  FOX TEST garbled 
or  incomplete, t h e i r  response w i l l  so 
ind ica te .  
7.1.2.1.3 Communication Checks (COMM CK) 
Communication checks (COMM CK) w i l l  be 
i n i t i a t e d  by the  group con t ro l  s t a t i o n  to  ensure c i r c u i t  con t inu i ty  a f t e r  
completion of t he  opening communication t e s t  as requi red .  
Examples: COMM CK 
COLEGE GFORKS ULASKA FTMYRS BPOINT PTARGO NETCON 
DE SPACON 
COMM CK 
Receipt  f o r  COMM CK i n  order  c a l l e d .  
DE COLEGE R COMM CK 
DE GFORKS R COMM CK 
DE ULASKA R COMM CK 
DE FTMYRS R COMM CK 
DE BPOINT R COMM CK 
DE PTARGO R COMM CK 
DE NETCON R COMM CK - ETC - 
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7.1 .2 .1 .4  Terminating Groupings. 
Termination of an entire grouping or of 
certain station(s) within a group may be made at any time at the discretion of 
the control station as follows: 
Termination of FTMYRS and BPOINT from GROUP I 
FTMYRS BPOINT 
DE SPACON 
GROUPINGS WITH STATIONS CALLED IS BEING TERMINATED. 
HOLD TFC UNTIL TOLD GA TFC BY SPA RELAY. 
00 /ooooz 
7.1.2.2 Pre-launch Communication Checkout for Non-grouped 
Stations. 
7.1.2.2.1 The control station for non-grouped 
stations (SPA Relay) will initiate an unnumbered channel check test to all 
non-grouped participating stations usually at approximately 30 minutes prior 
to condition RED. Stations will return the channel check test as received 
to signify GOOD/FIVER reception. If the channel check test is received garbled 
at either end, the sending station will be notified and corrective action taken 
to eliminate the trouble. 
OPS unnumbered channel check test by SPA 
Relay over a single station line. 
addressed as shown in the example for channel checks with non-grouped stations. 
Multiple station channel checks will be 
S PA 
DE SPA 
OPS CHAN CK TEST 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES. 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES. 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES. 
THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG'S BACK 1234567890 TIMES. 
00 /ooooz 
7.1 .2 .2 .2 .  Channel Checks with Non-grouped Stations. 
After the initial operations channel check 
test (OPS CHAN CK TEST) has been sent and returned by all non-grouped partici- 
pating stations, SPA Relay will maintain number continuity with the participat- 
ing stations by use of periodic channel checks (CHAN CK) as often as deemed 
necessary and in no case will circuits or participating stations on a circuit 
be allowed t o  remain idle over 30 minutes without initiating a channel check 
to re-establish contact. 
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Non-grouped channel checks (CHAN CK) 
s e n t  by SPA Relay over a s i n g l e  s t a t i o n  l i n e  w i l l  be se l f -addressed  and 
w i l l  be re turned  t o  SPA Relay exac t ly  as rece ived .  
Examples 









Non-grouped channel checks (CHAN CK) 
s e n t  by SPA Relay over a m u l t i - s t a t i o n  l i n e  w i l l  be addressed t o  the  p a r t i c i -  
pa t ing  s t a t i o n ( s ) .  S t a t i o n s  ca l l ed  w i l l  use a rou t ing  p i l o t  i n  r e tu rn ing  the  
channel checks t o  SPA Relay i n  order  ca l led .  
Examples 
AS SENT AS RETURNED 
COLEGE GFORKS ULASKA SPA 
DE SPA DE COLEGE 
CHAN CK COLEGE GFORKS UUSKA 
END DE SPA 
CHAN CK 
END 
7.1.2.2.3 Return of a channel check exac t ly  as 
The t ransmi t ted  s i g n i f i e s  t h a t  r e a d a b i l i t y  of t he  c i r c u i t  is  GOOD/FIVER. 
r ece iv ing  s t a t i o n ( s )  w i l l  immediately no t i fy  the  con t ro l  s t a t i o n ,  SPA Relay, 
i f  a p e r f e c t  copy is  no t  received.  
a garb led  copy o r  upon r e c e i p t  of a garbled copy, t he  r e spec t ive  s t a t i o n ( s )  
s h a l l  immediately n o t i f y  the  t ransmi t t ing  s t a t i o n  and take  immediate a c t i o n  
t o  check out  t he  r e spec t ive  c i r c u i t .  
Upon n o t i f i c a t i o n  t h a t  a s t a t i o n  received 
7.1.3 Readiness Reports. 
Approximately T-120, and when r equ i r ed ,  aga in  a t  approxi- 
mately T-60, a l l  p a r t i c i p a t i n g  s t a t i o n s  a r e  requi red  t o  submit a Readiness 
Report t o  NETCON which w i l l  s i g n i f y  t h e i r  s t a t i o n ' s  s t a t u s .  
r eques t  f o r  t he  Readiness Reports w i l l  be normally made a f t e r  grouped and non- 
grouped s t a t i o n s / c i r c u i t s  have been checked out .  
NETCON's i n i t i a l  
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I NETCON'S Condition RED message. 
ALLSTA 
DE NETCON 
T-120 COND RED MINIMIZE FWD READINESS REPORTS 
06/1830Z FEB 
Non-grouped stations response. 
NETCON 
DE SNTAGO 
OPPLAN 2-63 GO 
06/18322 FEB 
Grouped station's response. 
DE COLEGE OPPLAN 2-63 GO 
DE GFORKS OPPLAN 2-63 GO 
DE ULASKA OPPLAN 2-63 GO 
DE FTMYRS OPPLAN 2-63 GO 
DE BPOINT OPPLAN 2-63 GO 
DE PTARGO OPPLAN 2-63 GO 
NOTE: When grouped stations are not given a separate call-up 
such as in the case above of ALLSTA traffic, they will answer in order called 
in the opening communication test. 
immediately follow. 
If a station is "NO GO" the reason must 
7.1.4 Communications Countdown. 
This countdown is referenced to the nominal lift-off time 
and contains only those periods in the countdown which require action by 
personnel in the Space Communications Center. 
ITEM TIME - -  NETWORK CONDITION 
I T-IO Days BLUE 
ACTION 
Forward notification to all 
participating stations, NORAD, 
SAO, SPACETRACK, SPACE 
SURVEILLANCE, and SPACEWARN 
of the nominal launch date and 
time . 
Forward nominal Doppler fre- 
quencies to the GSFC Mission 
Directors Center (MOC), Pt. 
Arguello, California. 
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ITEM TIME - -  
I1 T-7 Days 
I11 T-5 Days 
IV T-5 Days 
V T-1 Day 
VI T-1 Day 
VI1 T-150 Min 
(NOMINAL) 










Conduct communication exercises. 
SPACON request special coverage 
on circuitry from carriers. 
Forward Nominal Predictions to 
all participating stations. 
Forward condition GREEN to all 
participating stations. 
Forward station alert to all 
participating stations requesting 
that they be prepared to imple- 
ment Opplan 2-63, 
Alert Chief Operator at GSFC 
telephone switchboard of impend- 
ing operations. 
Es tab1 ish Network Groups and 
conduct complete system test 
with all participating stations 
prior to condition RED. This 
test must be received perfectly 
by SPACON otherwise stations 
will not be considered ready. 
SPACCN prove all CDC circuits 
by sending test. 
Alert RCASF and RCANY that 
circuits to OOMERA and JOBURG 
will be required to be 
operational until further notice. 
Monitor the circuit to insure 
readiness. 
Alert ACA that circuits to 
South American stations are to 
be operational until further 
notice. Monitor circuits t o  
ensure readiness. 












Lif t-Of f 








7.1.5 Data Transmission. 
ACTION 
Forward condition RED to all 
participating stations. Impose 
MINIMIZE at this time. 
Forward request for station 
readiness reports to all 
participating stations. 
Forward request for station 
readiness reports to all 
participating stations. 
Terminate transmissions on all 
circuits except the continuing 
count from PTARGO. 
Lift-off. NETCON keeps Group I 
informed of progress, SPACON 
informs all others. 
Control of Group I reverts to 
SPACON who will adjust or 
terminate special launch 
groupings and conditions as 
needed. 
During the launch and early orbit phase, all tracking data 
received in the Space Communications Center will normally undergo prescribed 
logging and filing. A page print copy of the data messages will then be 
forwarded to the Early Orbit Determination Group for processing and routing 
to the appropriate recipient(s) for orbital computations. The teletype tape 
containing the data message will be sent to the Minitrack Data Section over 
the CDC line designated for this purpose. During the normal phase, tracking 
data will be handled in the standard prescribed manner. 
7.2 NORMAL PHASE - CONDITION BLUE. 
All stations will revert to standard operating procedures at the 
termination of the launch and early orbit phase. 
the setting of condition BLUE. 
This will be indicated by 
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8.0 COMPUTING CENTER OPERATIONS. 
The Data Systems Divis ion w i l l  be responsible  f o r  pre-launch and 
post-launch o r b i t a l  computations and s t a t i o n  p red ic t ions .  
8.1 NOMINAL PRE-LAUNCH PREDICTIONS. 
8.1.1 Input .  
Nominal i n j e c t i o n  d a t a  w i l l  be taken from the Detai led 
Test Object ives  as published by the  Astronautics Divis ion,  Chance Vought 
Corporation. 
8.1.2 Output. 
8.1.2.1 O r b i t a l  elements, equator  c ros s ings ,  l a t i t u d e  
and meridian c ros s ings ,  predicted observations,  and topocen t r i c  coordinate  
d a t a  f o r  t h e  f i r s t  t h r e e  days w i l l  be required as ind ica t ed  i n  Table 8-1. 
8.1.2.2 P red ic t ion  FJorld Map. 
The Predict ion World Map should be f o r  the f i r s t  
t h r e e  days. 
below. 
Nominal p r e d i c t i o n  world maps w i l l  be r equ i r ed  as ind ica t ed  
Operations Branch 
P r o j e c t  Manager 
P r o j e c t  S c i e n t i s t  
Ground Systems Manager 






A l l  pre-launch nominal p r e d i c t i o n s  should be 
a v a i l a b l e  no less than fourteen days pr ior  t o  launch and should be recomputed 
p r i o r  t o  launch i f  any changes occur i n  the t r a j e c t o r y .  
8.1.2.3 Mutual V i s i t i l i t y  Times .  
Mutual v i s i b i l i t y  times between the Experimenters 
s t a t i o n s  and the GSFC Sa te l l i t e  Tracking and Data Acqu i s i t i on  Network s t a t i o n s  
l i s t e d  i n  Table 8-2 should be computed for a t h r e e  day per iod following launch 
and should be a v a i l a b l e  a t  least fourteen days p r i o r  t o  launch. The mutual 
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v i s i b i l i t y  times w i l l  be f o r  those S-66 passes  i n  which the  Experimenters 
s t a t i o n s ,  with a 30 degree minimum e l e v a t i o n  angle ,  are a l s o  v i s i b l e  by the 
Space Tracking and Data Acquis i t ion Network s t a t i o n s .  
times w i l l  be d i s t r i b u t e d  as ind ica t ed  below. 
The mutual v i s i b i l i t y  
Operations Branch 2 copies 
8.1.2.4 GSFC B u l l e t i n  P red ic t ions .  
The GSFC B u l l e t i n  P red ic t ions  should be computed 
The GSFC B u l l e t i n  P red ic t ions  w i l l  be d i s -  
f o r  t h e  f i r s t  two weeks following launch and should be a v a i l a b l e  a t  least 
fou r t een  days p r i o r  t o  launch. 
t r i b u t e d  10 days p r i o r  t o  launch as ind ica t ed  i n  Table 8-3. 
8.2 POST-LAUNCH REQUIREMENTS. 
8.2.1 Input.  
The following types of t r ack ing  d a t a  w i l l  normally be used 
i n  o r b i t a l  computations. 
8.2.1.1 Launch and Early Orb i t  Phase. 
8.2.1.1.1 Minitrack Di rec t ion  Cosine Data. 
8.2.1.1.2 Radar Data (azimuth, e l e v a t i o n ,  and 
s l a n t  range).  
NOTE: FPS-16 d a t a  from PRM w i l l  be 
i n  the Mercury format. 
8.2.1.1.3 Space Survei l lance Data. 
8.2.1.1.4 Optical  Data. 
8.2.1.1.5 Doppler Data. 
8.2.1.2 Normal Phase. 
Minitrack Di rec t ion  Cosine Data. 
8.2.2 Output. 
8.2.2.1 Orb i t a l  elements,  equator  c ros s ing  p r e d i c t i o n s ,  
l a t i t u d e  and meridian crossing p r e d i c t i o n s ,  and p red ic t ed  observat ions w i l l  
be r equ i r ed  as i nd ica t ed  i n  Table 8-4. 
X X X X X X X X X X X X X X X X K K X X X X X X  
X X X X X X X X X X X X X  
X X X X K X X X X X X X X X  
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8.2.2.2 Pred ic t ion  World Map. 
below. 
P red ic t ion  World Maps w i l l  be required as ind ica t ed  
Operations Branch 
P r o j e c t  S c i e n t i s t  
Data Processing Branch 
D r .  H. H. P l o t k i n  




8.2.2.3 The o r b i t  of the S-66 s p a c e c r a f t  w i l l  be "up-dated" 
weekly un le s s  condi t ions r e q u i r e  otherwise, P r e d i c t i o n  information w i l l  be 
computed weekly i n  accordance wi th  a schedule mutually agreeable t o  the  GSFC 
Network Con t ro l l e r  and the  Computer Operations Branch and w i l l  be f o r  a one 
week pe r iod  unless  t he  o r b i t a l  conditions are such t h a t  t he  p r e d i c t i o n s  are 
no t  s u f f i c i e n t l y  accurate .  
8.2.2.4 Mutual V i s i b i l i t y  Times .  
Mutual v i s i b i l i t y  times between the  Experimenters 
s t a t i o n s  and the GSFC Space Tracking and Data Acqu i s i t i on  Network s t a t i o n s  
l i s t e d  i n  Table 8-2 w i l l  be computed weekly f o r  a one week per iod and w i l l  
be d i s t r i b u t e d  as i nd ica t ed  below. 
Operations Branch 2 copies  
8.2.2.5 GSFC B u l l e t i n  Predict ions.  
The GSFC Bul l e t in  P red ic t ions  w i l l  be computed 
weekly f o r  a two week period and w i l l  be d i s t r i b u t e d  as ind ica t ed  i n  Table 8-3. 
8.2.2.6 Interim-Definit ive World Maps. 
8.2.2.6.1 The Inter im-,Defini t ive World Maps should 
be for two week per iods and should be pr inted no later than two weeks a f t e r  
t h e  per iod covered. D i s t r i b u t i o n  w i l l  be as ind ica t ed  below. 
P r o j e c t  S c i e n t i s t  
Operations Branch 
Data Processing Branch 
8.2.2.6.2 Microfilmed (16 mm) Inter im-Defini t ive 
World Maps should be f o r  two week periods and should be microfilmed no l a t e r  
than t h r e e  weeks a f te r  the  period covered. 
i n  Table 8-3. 
D i s t r i b u t i o n  w i l l  be as ind ica t ed  
TABLE 8-2 
EXPERIMENTER'S STATIONS 
Palo Alto, California 
Honolulu, Hawaii 
Boulder , Colorado 
Huancayo, Peru 
University Park, Pennsylvania 
Adak, Alaska 
Baker Lake, Canada 
Houghton, Michigan 
Urbana, Illinois 
SPACE TRACKING AND DATA 
ACQUISITION NETWORK STATIONS 
Antofagasta, Chile 
Blossom Point, Maryland 
College, Alaska 
E. Grand Forks, Minnesota 




Santiago , Chile 
St. Johns, Newfoundland 
Winkfield, England 
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TABLE 8-3 
M r .  Sandro Radice l la  
PIr. K. Jones 
D r .  G. H. Nunro 
Prof .  H.  C .  Webster 
D r .  B. H. Briggs 
D r .  C .  N .  Gerrard 
Prof .  0. Burkard 
D r .  Fernando de Mendonca 
D r .  A. Kavadas 
D r .  W. J. G. Beynon 
D r .  B. Burgess 
D r .  K. W. Weekes 
u r .  A .  F. X i lk ins  
D r .  G .  N.  Taylor 
D r .  J. W. King 
D r .  K. R a w e r  
Prof .  J. Bartels 
Prof .  D r .  W. Dieminger 
M r .  H. Kaminski 
Prof .  D r .  C h r i s t i a n  Munthcr 
Rev. J. R. Koster (PhD) 
Prof .  Michel Anastassiades 
Prof .  A. N. Hunter 
D r .  K .  R .  Ramanathan 
D r .  R .  G.  Rastogi  
D r .  Y. V. Somajayulu 
D r .  E .  B.  Rao 
Prof .  Nel lo  Carrara 
Prof .  P .  F. Checcacci 
D r  . Yoshiaki Nakata 
D r .  J. E .  T i the r idge  
D r  . J. Mawdsley 
M r  . J . Fr  ihagen 
D r .  B. Landmark 
M r .  G. S. Kent 
D r .  E .  Galdon 
D r .  A. Romana, S I  
D r  . Ludwik Liszka 
D r .  M. Golay 
- 
Argent ina 
A u s t r a l i a  
A u s t r a l i a  
A u s t r a l i a  
South A u s t r a l i a  
South A u s t r a l i a  
Aus t r i a  
Braz i l  
Canada 
England 













Ind ia  
I n d i a  
Ind ia  
South Ind ia  
I t a l y  
I t a l y  
Japan 
N e w  Zcaland 
N e w  Zealand 
Norway 
Norway 
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D r .  J .  Papet-Lepine 
Prof. E .  Vassy 
D r .  J. Aarons 
D r .  P. R.  Arendt 
M r .  C l i f f o r d  M. Beamer 
D r .  W. W. Berning 
D r .  John P. German 
D r .  0. K. G a r r i o t t  
Prof. Robert E. Houston, Jr. 
D r .  E .  Mechtly 
D r .  Byron C .  P o t t s  
M r .  Fred A. Rdorique 
D r .  W. J. Ross 
Prof. George W. Swenson, Jr. 
D r .  Gary S. Sa l e s  
D r .  James D. Lawrence, Jr. 
M r .  Robert S. Lawrence 
M r .  Leo J. B l u m l e  
France 
France 
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
United S t a t e s  
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NASA - CSFC 
OPPLAN 2-63 
9.0 DATA PROCESSING. 
The analog magnetic tapes  from the Space Tracking and Data Acquis i t ion 
Network s t a t i o n s  containing S-66 d a t a ,  telemetered and beacon, w i l l  be 
forwarded t o  the  Data Processing Branch, Space Data Acquis i t ion Divis ion,  
GSFC, f o r  eva lua t ion ,  processing, and reduction. 
Limited processing and r educ t ion  i n  t he  form of quick-look s t a t u s  i n f o r -  
mation w i l l  be a j o i n t  r e s p o n s i b i l i t y  of the  Operations and Support D iv i s ion ,  
GSFC, and the Johns Hopltins Un ive r s i ty ,  Applied Physics Laboratory. 
9.1 DATA EVALUATION. 
A l l  analog tapes  recorded by the STADAN s t a t i o n s  w i l l  be forwarded t o :  
Analog Tape Library,  Code 565 
Soddard Space F l i g h t  Center 
Greenbel t , Maryland , U . S .A .  
f o r  r ecep t ion  and ca t a log ing  by the Analog Tape Library and q u a l i t y  checking 
p r i o r  t o  processing and rcduct ion.  Tapes w i l l  be evaluated on a sampling 
b a s i s  t o  provide feedback f o r  t hc  STADAN s t a t i o n s .  
Three tapes  from each s t a t i o n  w i l l  be evaluated as soon as p r a c t i c a b l e  
a f t e r  r e c e i p t  f o r  a p p r a i s a l  of s t a t i o n  performance. A r e p o r t  concerning the  
q u a l i t y  of each s t a t i o n ' s  tapes  w i l l  be submitted t o  the Head, Operations Branch, 
Operations and Support Divis ion,  no la te r  than 72  hours a f t e r  r e c e i p t  of t h e  
t h i r d  tape from each of the s t a t i o n s .  An i n t e r i m  r e p o r t  w i l l  be submitted i f  
a major discrepance i s  noted. 
Each week the l a t e s t  tape received from each s t a t i o n  w i l l  be run 
through t h e  tape eva lua t ion  procedure for a d 2 t a i l e d  examination of q u a l i t y  
and f o r  p repa ra t ion  of a composite weekly s t a t i o n  te lemetry r e p o r t .  
9.2 DATA REDUCTION. 
9.2.1 Telemetry Data, 
Af t e r  tape ava lua t ion ,  the magnztic tapc containing the S-65 
telemetered d a t a  w i l l  be processed through 1G.5 Kc and 5.4 K c  d i sc r imina to r s ,  
resulting i n  an analog vol tage output .  S t r i p  charts and/or o s c i l l o g r a p h i c  
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r eco rds  containing the  PDM/PAM telemetered d a t a  w i l l  then be made of the 
r e s u l t i n g  analog vol tages .  Fu r the r  r educ t ion  w i l l  be i n  the form of s t a t u s  
d a t a ,  magnetometer d a t a ,  and e l e c t r o n  dens i ty  da t a .  
9.2.1.1 S t a t u s  Data. 
S t a t u s  d a t a ,  c e r t a i n  c r i t i ca l  channels of the 
telemetered da ta ,  w i l l  be suppl ied t o  the 3-66 P r o j e c t  Off ice  f o r  t h e  purpose 
of monitoring, eva lua t ing ,  and maintaining a h i s t o r y  of t he  performance of 
t he  spacecraf t .  This d a t a  w i l l  be suppl ied on a weekly b a s i s  i n  a t abu la r  
form expressed i n  engineering u n i t s .  
9.2.1.2 Magnetometer Data. 
Magnetometer d a t a ,  channels 12, 13, 14,  and 15 of the 
PAM commutator, w i l l  be reduced along with the s t a t u s  da t a .  
magnetometer d a t a  recorded during c e r t a i n  expected magnetic storms following 
s o l a r  f l a r e s  of c l a s s  two (2) o r  l a r g e r  w i l l  be reduced. This d a t a  w i l l  be 
made accessible i n  a reduced form t o  any of the prime i n v e s t i g a t o r s .  
I n  add i t ion ,  
9.2.1.3 Electron Density Data. 
Upon completion of t he  s t a t u s  and magnetometer d a t a  
r educ t ion  requirements, the Data Processing Branch, GSFC, w i l l  forward on a 
loan  b a s i s ,  the S-66 magnetic tapes  containing e l e c t r o n  d e n s i t y  d a t a  t o  the 
Physics Branch, GSFC, f o r  the reduct ion of the e l e c t r o n  d e n s i t y  d a t a .  
9.2.2 Beacon Data. 
Due t o  the s i g n a l ' s  c h a r a c t e r i s t i c s ,  the magnetic tape 
(1 /4 inch) containing the beacon d a t a  w i l l  beprocessed through s p e c i a l  purpose 
discr iminators  r e s u l t i n g  i n  s i x  outputs  (0.1 t o  10 v o l t s ) .  These ou tpu t s  w i l l  
i n  t u r n  be connected t o  the  inpu t  of a s i x  channel hot s t y l u s  recorder  and 
produce an osc i l l og raph ic  c h a r t  of t he  beacon s i g n a l s .  The c h a r t  w i l l  then be 
forwarded t o  the Planetary Ionospheres Branch, GSFC, f o r  f u r t h e r  r educ t ion  
and ana lys i s ,  
NOTE: 
suppl ied and maintained by the  Planetary Ionospheres Branch. 
All special  purpose equipment r equ i r ed  t o  reduce the  beacon d a t a  w i l l  be 












1. Project Development Plan, Polar Ionosphere Beacon S a t e l l i t e ,  S-66, 
Revised March 26, 1963. 
2. NASA Scout NS 17500 Operations Requirements, S-66 Mission, February 25, 
1963. 
3. Instruction Manual, Minitrack Digital Command Encoder (S-B3339), 
February, 1962. 
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